
STUDIES OF THE SAN FRANCISCO BAY, CALIFORNIA, ESTUARINE ECOSYSTEM. 

PILOT REGIONAL MONITORING PROGRAM RESULTS, 1993

By Jane M. Caffrey, Brian E. Cole, James E. Cloern, Joseph R. Rudek, A. Christina Tyler, 

and Alan D. Jassby 1

1 University of California, Davis

U.S. GEOLOGICAL SURVEY 

Open-File Report 94-82

Menlo Park, California 

1994



U.S. DEPARTMENT OF THE INTERIOR

BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY

Gordon Eaton, Director

Any use of trade, product, or firm names is for descriptive purposes only and does not imply 
endorsement by the U.S. Government.

For additional information write to:

James E. Cloern
Water Resources Division
U.S. Geological Survey
345 Middlefield Road, MS-496
Menlo Park, California 94025

Copies of this report can be purchased from:

U.S. Geological Survey 
Earth Science Information Center 
Open-File Reports Section 
Box 25286, MS 517 
Denver Federal Center 
Denver, Colorado 80225



CONTENTS

Page

ABSTRACT .......................................................... 1

INTRODUCTION ...................................................... 2

ACKNOWLEDGEMENTS ................................................ 4

METHODS ........................................................... 5

Sampling System ................................................ 5

Discrete Analyses ................................................ 7

Instrument Calibration ............................................. 8

Ecosystem Process Measurements ................................... 9

Photosynthetic Parameters .................................... 9

Community Respiration ...................................... 11

Phytoplankton Species Composition and Abundance ....................... 11

REFERENCES ........................................................ 13

Figure 1 - Map of San Francisco Bay estuary showing locations of water sampling stations . 15 

Figure 2 - Hypothetical curve of photosynthesis as a function of irradiance ............. 16

Table 1 - San Francisco Bay Stations ........................................ 17

Table 2 - Dates of Cruises and Stations Occupied .............................. 20

APPENDIX 1 Photosynthesis-irradiance (P-l) parameters ......................... 21

APPENDIX 2 Community Respiration ........................................ 22

APPENDIX 3 Data Summaries of Hydrographic Properties ........................ 23

APPENDIX 4 Phytoplankton Species Composition and Abundance ................. 357

Hi



CONVERSION FACTORS

Multiply By To Obtain

meter (m) 3.28 foot

nanometer (nm) 2.94x10"8 inch

gram 2.2x1 CT3 pound

kilogram 2.2 pound

milligram 2.2x10"8 pound

liter 1.06 quart

Temperature is given in degrees Celsius (°C) and can be converted to degrees Fahrenheit (°F) 

using the following equation:

°F = 1.8 (°C) + 32

iv



STUDIES OF THE SAN FRANCISCO BAY, CALIFORNIA, ESTUARINE ECOSYSTEM. PILOT 

REGIONAL MONITORING PROGRAM RESULTS, 1993

By Jane M. Caffrey, Brian E. Cole, James E. Cloern, Joseph R. Rudek, A. Christina Tyler, and 

Alan D. Jassby

ABSTRACT

As part of a pilot regional monitoring program, water samples were collected in the San 

Francisco Bay estuary during 22 cruises from January through December 1993. Conductivity, 

temperature, light attenuation, turbidity, oxygen, and in-vivo fluorescence were measured 

longitudinally and vertically in the main channel of the estuary from south of the Dumbarton 

Bridge in the southern part of the bay to Rio Vista on the Sacramento River. Discrete water 

samples were analyzed for chlorophyll a, phaeopigments, suspended particulate matter, and 

dissolved oxygen. Water density was calculated from values for salinity, temperature, and 

pressure (depth), and is included in the data summaries. Photosynthetic parameters, water 

column respiration, and phytoplankton species abundance and cell volume were determined at 

selected stations every other month.



INTRODUCTION

A major goal of the San Francisco Estuary Project's Comprehensive Conservation and 

Management Plan (CCMP) is "to improve the scientific basis for managing natural resources 

within the estuary through an effective monitoring and research program." The CCMP more 

specifically recommends the development and implementation of a Regional Monitoring 

Strategy to integrate and expand upon existing efforts and to eventually be part of a 

comprehensive Regional Monitoring Program. A first version of the Regional Monitoring 

Strategy has since been developed and among its fundamental principles are: (a) a focus on 

the development of data that will provide information on status and trends in the Estuary; and 

(b) a regional assessment of this data to determine the ecological health of the Estuary. In 

addition, several pilot field programs have begun that, along with certain existing programs 

conducted by various agencies, will eventually constitute the comprehensive Regional 

Monitoring Program.

This document summarizes data collected during 1993 in one of these pilot programs. 

A regional monitoring program must cover many types of resources, including pelagic and 

benthic channel habitat, shoal habitat, wetlands, river channels, sloughs, and small bays and 

harbors. This particular program focuses on the pelagic channel habitat. Its aim is to provide a 

high-resolution description of critical aspects of habitat quality, which can be used along with 

other information to determine the suitability of habitat for aquatic resources and provide a 

context for understanding pollutant distributions. Measurements of physical (salinity, 

temperature, suspended particulate matter, and light penetration), chemical (dissolved oxygen), 

and biological characteristics (chlorophyll a) are included. In addition to partially characterizing 

the physical and chemical environment, these data will permit an estimate of annual channel 

phytoplankton production. The purpose of this document is solely to provide a comprehensive 

summary of the 1993 pilot program data; an assessment of these data will be presented 

elsewhere.



Samples were collected throughout San Francisco Bay monthly from January through 

December. During March and April, when a phytoplankton bloom was expected in South Bay, 

the frequency of cruises was increased. Sampling sites are shown in figure 1, and their 

locations and water depth are identified in table 1. A Sea-Bird Electronics conductivity- 

temperature-depth (CTD) data acquisition system, Sea Tech in-siiu fluorometer, Sea-Bird 

Electronics oxygen sensor, D & A Instrument optical backscatter sensor (OBS), and LJCor 

quantum sensor were used to measure vertical distributions of conductivity (salinity), 

temperature, chlorophyll fluorescence, oxygen concentrations, turbidity, and solar radiance at 

each station. Discrete chlorophyll a, oxygen, and suspended paniculate samples were 

collected at selected sites to calibrate the fluorometer, oxygen sensor, and OBS sensor on 

each sampling date.

A further goal of the program is to investigate candidate planktonic indicators of 

ecosystem structure and function. In support of this goal, 1993 measurements included 

phytoplankton community composition at the species level; photosynthetic parameters of the 

phytoplankton community; and water column respiration. The photosynthetic parameters 

partially characterize the physiological state of the phytoplankton, which provides the main 

source of energy for the Estuary's aquatic resources. Water column respiration serves as a 

simple integrated measure of organic matter metabolism by the plankton, including bacteria, 

phytoplankton, and microzooplankton. Also, as mentioned previously, an overall estimate of 

phytoplankton production can be obtained from the high-resolution field data in combination 

with nearby measurements of solar radiation.
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METHODS 

Sampling System

In-situ measurements were made from the R/V Polaris with a high speed data 

acquisition system. At each station a Sea-Bird Electronics (SBE) underwater unit (SBE-9) was 

lowered through the water column. Attached to the data acquisition unit was a SBE-4 

conductivity sensor, a SBE-3 temperature probe, a Paroscientific digiquartz pressure 

transducer, a Sea Tech in-vivo fluorometer, a SBE-13 oxygen sensor, an OBS 3 optical 

backscatter sensor, and a LiCor Instruments 192S quantum sensor. With this instrument 

package, continuous measurements of conductivity, temperature, depth (pressure), chlorophyll 

fluorescence, oxygen concentration, turbidity, and solar radiance were taken throughout the 

water column.

The instrument package was lowered through the water at about 0.5 meters per 

second. The data from the conductivity, temperature, pressure, fluorescence, oxygen, OBS, 

and light sensors were digitized in the underwater unit (SBE-9) at 24 scans per second, 

resulting in a vertical sampling interval of about 2 cm. The data were transmitted to a deck unit 

through a single-conductor armored cable, displayed and stored on a shipboard microcomputer. 

To conserve space in this report, the data presented in Appendix 3 are averages of about 50 

data points collected over 1 meter intervals. For example, the one-meter values listed in 

Appendix 3 are averages of all measurements made between depths of 0.5 to 1.5 meters.

The conductivity sensor was a 2-terminal, 3 electrode (platinum), flow- through sensor. 

This sensor was accurate within 0.0004 Siemens per meter and had a resolution of 5x10"5 

Siemens per meter (Sea-Bird Electronics). Temperature (TEMP) was measured with a Wien 

Bridge type resistance thermistor. This sensor was accurate to ±0.002 °C and had a resolution 

of 0.0005 °C (Sea-Bird Electronics). The conductivity and temperature probes were 

recalibrated in December, 1992 and 1993 at the National Oceanic and Atmospheric 

Administration's Northwest Regional Calibration Center, Bellevue, Washington. Values for



salinity (SALIN) were calculated from conductivity and temperature using the algorithm supplied 

with the Sea-Bird Electronics software, based on the equations of Millero et al. (1981) and 

Millero and Poisson (1981). Water density, as sigma-t (SIGMT), derived from salinity, 

temperature, and pressure, was also calculated from the Sea-Bird software package. 

Calculations of sigma-t were based on the equations of Fofonoff and Millard (1983). Sampling 

depths (DEPTH), derived from changes in pressure measured by the Paroscientific digiquartz 

transducer, were accurate within 0.01 meter.

Chlorophyll fluorescence was measured with a Sea Tech submersible pulsed-light 

fluorometer, which had a flash rate of 5 times per second. Because the sampling rate of the 

fiuorometer was about one fifth that of the Sea-Bird underwater unit (5 times per second as 

compared with 24 times per second), the fluorescence data reported here are 3 m running 

averages of the measured values in order to smooth the variability associated with this 

mismatch of sampling frequencies. Hence, the vertical resolution of chlorophyll fluorescence 

reported here was about 3 m. Dissolved oxygen concentrations were measured with a SBE-13 

dissolved oxygen sensor which used a Beckman polarographic element. The sensor was 

accurate to 0.14 mg 02 per liter. A constant water flow across the oxygen membrane is 

necessary for accurate measurements, and the pump which provides this flow is activated only 

when the salinity exceeds 1 pratical salinity unit (PSU). Therefore, oxygen values were not 

reported when salinity was less than 1 PSU. Dissolved oxygen concentration was calculated 

with the Sea-Bird software package, based on the equation from Owens and Millard (1985). 

Optical backscatter, or turbidity, was measured using a OBS 3 sensor which had a 875 nm 

infrared source and silicon photodetector. Ambient light was measured with a UCor 192S 

quantum sensor sensitive to photosynthetically active radiation (400-700 nm). The extinction 

coefficient (EXCOF) was calculated by the least-squares regression of measured values of 

irradiance (IJ at depth (Z) to the equation: EXCOF = \r\(\J\^!2 where I0 is the irradiance at the 

water surface.



Discrete Analyses

Discrete water samples for chlorophyll a, phaeopigments, dissolved oxygen, and 

suspended particulate material were collected at selected stations coincident with the lowering 

of the submersible instrument package. Water samples were collected from 1 meter above the 

bottom with a Niskin water sampling bottle and from 2 meters below the surface through a 

centrifugal pump with an intake at the ship's bow. Each discrete sample for chlorophyll a 

(DISCR CHL a) and phaeopigments (PHA) was filtered at less than 12 cm Hg onto a Gelman 

A/E glass fiber filter and immediately frozen. The air-dried filter was ground in 90 percent 

acetone within 1 week of collection. After extraction for 12-24 hours at -10 °C, samples were 

centrifuged and absorbances of the extracts were read on a Hewlett Packard 8452A diode 

array spectrophotometer. The acetone extracts were acidified to measure phaeopigments 

(Riemann, 1978). Chlorophyll a and phaeopigment values were calculated using Lorenzen's 

(1967) equations.

Dissolved oxygen concentrations (DISC OXYG) were measured in water collected from 

the bow pump In 300 mL BOD bottles. The bottles were filled from the bottom and allowed to 

overflow for 2-3 minutes. Winkler reagents (Strickland and Parsons, 1972) were added 

immediately and bottles were stored with water in their cap-wells and covered by a snap-fit 

plastic cap. Before beginning the titrations, the samples were acidified and 100.2 mL of sample 

was collected by autopipette. The sample was titrated with 0.01 N sodium thiosulfate 

dispensed by a Metrohm autotitrator using the potentiometric titration method of Graneli and 

Graneli (1991). Potassium iodate standardization of the sodium thiosulfate was conducted 

under identical procedures to eliminate problems associated with iodine volatilization (Knapp et 

a!., 1991).

Suspended particulate material (DISCR SPM) was measured gravimetrically, as 

described by Hager (1993). Between 100-500 mL of water were filtered onto preweighed 0.4 

\m\ pore size polycarbonate membrane filters and allowed to air dry for 48-72 hrs. Filters were



then reweighed and a correction for salt on the filters was made to calculate the concentration 

of suspended paniculate matter (Hager, 1993).

Instrument Calibration

Estimates of chlorophyll a at each depth were derived from linear regressions of 

measured chlorophyll a (DISCR CHL a) against fluorescence (FLUOR). The slope (B) and 

intercept (A) from the regressions were used to calculate chlorophyll a concentrations (CALC 

CHL a) from the fluorescence values (CALC CHLa = A+Bx FLUOR). If calculated 

chlorophyll a was less than or equal to zero, the result was not printed. Regression coefficients 

are presented at the end of each daily data summary. The coefficient of determination (r2) 

indicates the strength of the linear relation between discrete chlorophyll a and fluorescence. 

Caution needs to be exercised in using calculated chlorophyll a values when this coefficient is 

less than 0.70. Also note that some of the regressions resulted in nonzero intercepts, which 

indicate that there was fluorescence in the water not associated with participate chlorophyll a. 

Calculated chlorophyll a concentration divided by discrete chlorophyll a plus phaeopigment 

concentrations ([CALC CHLa]/[DISCR CHLa+PHA]) gives the proportion of active chlorophyll a 

to total pigments, including chlorophyll degradation products.

The CTD dissolved oxygen measurements (OXYG) were calibrated using discrete 

dissolved oxygen measurements (DISCR OXYG). These estimates of dissolved oxygen 

concentrations with depth (CALC OXYG) were derived from a linear regression of discrete 

dissolved oxygen measurements (DISCR OXYG) and CTD (OXYG) measurements. 

Calculated SPM concentrations (CALC SPM) with depth were derived from a linear regression 

of the discrete measures of SPM concentration (DISCR SPM) and the optical backscatter 

(OBS) reading. The procedure used for both of these regressions was the same as that used 

for calibrating the fluorometer and calculating chlorophyll a values. Significant differences 

among these calibration regression coefficients for individual cruise dates necessitated unique

8



instrument calibrations for each day of sampling. 

Ecosystem Process Measurements

Water column respiration and phytoplankton photosynthesis were measured bi-monthly 

at Stations 32, 27, 18,13, 6 and 657 (fig. 1). Water samples were collected from the bow 

pump on the R/V Polaris, passed through a 270 urn diagonal mesh screen to remove large 

zooplankton and collected in a 20 L carboy.

Photosynthetic Parameters

Photosynthesis as carbon uptake rate was measured in a laboratory incubator 

(photosynthetron design of Lewis and Smith, 1983), using bay water and a radioisotope tracer, 

H 14CO3". These water samples were removed from the same carboy as the respiration 

samples. Approximately 20 \iC\ of NaH 14CO3 was added to 50 mL of bay water. This was 

mixed thoroughly, and 2 mL aliquots were dispensed into 17 scintillation vials. Each vial was 

placed into the photosynthetron and exposed for 30 minutes to a different irradiance (range = 

0-1,400 jiEinsteins per square meter per second) produced by a 1,500 watt halogen lamp. 

During the 30 minute exposure period, 14C-labeled bicarbonate (H 14CO3"), along with non- 

radioactive bicarbonate, was incorporated into organic matter through photosynthesis, a light 

dependent process. Following incubation, residual 14C-labeled dissolved inorganic carbon was 

removed from the 2 mL aliquots by adding 0.3 mL of 0.25 N HCI, to form gaseous 14CO2 , which 

was vented during continuous agitation of the samples on a shaker table in a fume hood for 1 

hour. The 30 minute incubation time was chosen because short incubations give the best 

measure of the in-situ physiological state of the algae.

Non-photosynthetic incorporation of 14C was measured by the addition of HCI to three 

separate 2 mL aliquots immediately following inoculation, without exposure to light. Uptake in



the samples exposed to light (UJ was adjusted by the average amount of uptake in these initial 

samples (UJ. Uptake in the initial samples ranged from 3 to 20 percent of that measured at 

maximum irradiance. The specific activity of the NaH14CO3 inoculation spike (S) was measured 

by adding 2 ml of 1 N NaOH to 2 ml aliquots of 14C-labeled bay water. The NaOH maintained 

the sample at a high pH so that 14C was not lost as a vapor. These samples were not exposed 

to either acid or light. The activity (as disintegrations per minute, DPM) of each standard and 

sample was measured using a Pharmacia-Wallac 1209 liquid scintillation counter. The 

concentration of total inorganic carbon (TIC in mg carbon per liter) in the incubated water was 

determined after adding 100 nL of 6 N HCI to 4 ml_ of sample water contained in a gas-tight 

sealed serum bottle. The concentration of the carbon dioxide in the headspace of the bottle 

was determined using a Perkin-Elmer Sigma 2000 gas chromatograph equipped with a thermal 

conductivity detector. The rate of photosynthetic uptake of carbon was calculated as:

Carbon^ = (U. - U 8)ix TIC x 1.064

where T is time, measured in hours, and 1.064 is the isotopic preference factor of 12C versus 

14C (Steeman-Nielsen, 1952).

Variability in the photosynthetic (carbon uptake) rates due to the amount of algae in the 

samples was eliminated by normalizing all photosynthetic rates to the amount of phytoplankton 

biomass (B, chlorophyll a) in the water sample. This resulted in chlorophyll normalized 

photosynthetic rates (mg C (mg Chl a h)'1). Each incubation measurement with 14C yielded a 

series of photosynthesis and irradiance (P-l) data pairs, which when plotted form a P-l curve 

(fig. 2) that typically exhibits three components. In the lower portion of the curve, carbon 

assimilation rate is directly related to irradiance (the rate of photosynthesis is light-limited). The 

rate of increase in photosynthesis (P) with irradiance (I) can be measured as alpha, a, the 

slope of the initial linear portion of a P-l curve. Above this, photosynthesis reaches a maximum 

rate (PmB) where further increments in irradiance do not result in increased photosynthesis, so

10



the photosynthetic process is light-saturated. At even higher irradiances, the photosynthetic 

rate can be photoinhibited, and it begins to decline with further increases in irradiance. 

Photoinihibition is unlikely to occur in the rapidly mixed turbid waters of San Francisco Bay, so 

in this study, these measurements were designed to expose the phytoplankton to irradiances 

below those that typically result in photoinhibition.

The maximum carbon assimilation rate, PmB , as mg C (mg Chl a h)"1 , and the initial 

slope, a as mg C (mg Chl a h)"1 (nEinstein m"2 s"1 )"1 , of chlorophyll a normalized photosynthesis- 

irradiance curves were obtained by non-linear least squares fitting of the data to the hyperbolic 

tangent function (Jassby and Platt, 1976):

PB as PmB tanh(al/PmB) .

Community Respiration

Respiration samples were dispensed into 300 mL BOD bottles from tubing connected to 

a spigot at the bottom of the 20 L carboy. To maintain sample homogeneity, a stainless steel 

paddle was inserted to the bottom of the carboy and turned at a rate of 80-120 rpm while the 

water was being dispensed. Each BOD bottle had been soaked in 10 percent HCI, rinsed 3 

times with distilled water, and rinsed once with sample water. BOD bottles were carefully filled 

with sample water to avoid the addition of oxygen. All bottles were filled within 30 minutes of 

collection. Six light and 6 dark bottles were filled with water collected at each station. All 6 

light bottles were immediately fixed with Winkler reagents to provide a measurement of 

dissolved oxygen concentration at time zero. Six dark bottles were wrapped with aluminum foil 

as an additional precaution against exposure to light and placed in a dark incubation chamber 

through which ambient water flowed to maintain sample temperature. Samples were incubated 

for 24 hours, then fixed with Winkler reagents. The respiration samples were titrated with 0.01 

N sodium thiosulfate in the same manner as described above to determine final oxygen

11



concentration. The highest and lowest values among the 6 replicates were eliminated to 

calculate a trimmed mean for each measurement. The respiration rate was calculated by 

subtracting the mean time zero oxygen concentration from the mean oxygen concentration after 

24 hr incubation. A confidence interval was calculated for each cruise date by pooling the 

respiration rates from each of the six stations.

Phytoptankton Species Composition and Abundance

Water samples were usually collected from the same carboy as the photosynthesis and 

respiration samples. Samples of 100 ml were preserved with Lugol's solution (final 

concentration 1 percent). On several occasions water samples from depths below 2 meters 

were collected with a peristaltic pump. Identification and enumeration of phytoplankton were 

made with a Leitz phase-contrast microscope by the method of Utermohl (1958). Aliquots for 

counting and identification ranged from 2-5 ml depending on sample turbidity. Phytoplankton 

cells greater than 30 iim in diameter were enumerated at 125X. Smaller cells were counted at 

1250X. The entire bottom of the chamber was viewed during the count at 125X. At least 100 

cells of the most numerous taxa were counted using the strip count method at 1250X 

(American Public Health Association, 1989). Cell volumes were estimated for dominant taxa by 

measuring the cell dimensions of 50 to 100 individuals and applying the geometric formulas 

given by Wetzel and Likens (1991). For rare taxa, volume estimates were made from fewer 

measurements of cell dimensions. Identification of diatoms and dinoflagellates were made after 

the cell contents were cleared in 30 percent hydrogen peroxide and the cells were mounted in 

Hyrax Mounting Medium.

12
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Table 1 - San Francisco Bay Stations

Station 

Number

657

655

653

649

2

3

4

5

6

7

8

9

10

11

12

13

Station 

Name

Rio Vista

N. of Three Mile Slough

Mid-Decker Island

Sacramento River

Chain Island

Pittsburg

Simmons Point

Middle Ground

Roe Island

Avon Pier

Marti nez

Benicia

Crockett

Mare Island

Pinole Shoal

N. of Pinole Point

North 

Latitude

38° 8.9'

7.3'

6.3'

3.7'

3.8'

3.0'

2.9'

3.6'

3.9'

2.9'

1.8'

3.0'

3.6'

3.7'

3.1'

1.7'

West 

Longitude

121° 41 .3'

42.1'

43.2'

48.0'

51.3'

52.7'

56.1'

58.8'

122° 2.1'

5.8'

9.1'

10.4'

12.5'

15.8'

18.7'

22.2'

Depth, in meters, 

at mean low water

10.1

10.1

10.1

10.1

11.3

11.3

11.6

9.8

10.1

11.6

14.3

34.4

17.7

15.5

8.8

9.8

17



14

15

16

18

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

"Echo" Buoy

Point San Pablo

"Charlie" Buoy

Point Blunt

Bay Bridge

Potrero Point

Hunter's Point

Candlestick Point

Oyster Point

San Bruno Shoal

San Francisco Airport

N. of San Mateo Bridge

S. of San Mateo Bridge

Redwood Creek

Coyote Hills

Ravenswood Point

Dumbarton Bridge

Newark Slough

Mowry Slough

Calaveras Point

0.4'

3T 58.5'

54.9'

50.8'

47.3'

45.9'

43.7'

41.9'

40.2'

38.1'

37.1'

36.1'

34.8'

33.3'

31.7'

31.1'

30.5'

29.7'

28.8'

28.3'

24.3'

26.2'

26.8'

25.3'

21.5'

21.5'

20.2'

20.3'

19.5'

18.8'

17.5'

16.2'

14.7'

11.4'

9.5'

8.0'

7.3'

5.6'

4.8'

3.9'

13.1

22.9

12.8

43.0

17.4

18.0

20.1

11.0

8.8

9.8

16.2

14.6

12.8

13.7

128

11.6

7.9

8.5

7.9
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Non-Standard Stations

757 Three Mile Slough

746 New York Slough

4.1

6.1

8.1

12.5 Pinole Point

28.5

29.5

38° 5.1'

1.8'

3.3'

3.7'

1.9'

2.4'

37-35.5'

34.1'

121- 40.8'

49.9'

122° 56.7'

2.2'

8.4'

18.9'

15.5'

13.1'

15.2

10.1

8.8

9.8

14.9

6.7

14.6
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Table 2 - Dates of Cruises and Stations Occupied 
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Variable

station

time at which sample was taken

depth at which sample was taken

measured chlorophyll a

APPENDIX 3

Data Summaries of Hydrographic Properties 

Explanation of Abbreviations and Units 

Abbreviation 

STN 

TIME 

DEPTH 

DISCR CHL a 

CHLa/a + PHAproportion of calculated chlorophyll a 
to measured pigments and 
degradation products

fluorescence FLUOR

calculated chlorophyll a CALC CHL a

measured dissolved oxygen DISCR OXYG

dissolved oxygen from CTD OXYG

calculated dissolved oxygen CALC OXYG

measured suspended paniculate material DISCR SPM

optical backscatter OBS 

calculated suspended paniculate matter CALC SPM

extinction coefficient EXCOF

salinity SALIN

temperature TEMP

sigma-theta SIGT

Units

local time 

meters 

fjg per liter 

fraction

volts

fjg per liter

mg 02 per liter

mg 02 per liter

mg 02 per liter

mg per liter

volts

mg per liter

per meter

practical salinity units 
(PSU)

degrees Celsius 

kg per cubic meter
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APPENDIX 4

Phytoplankton Species Composition and Abundance in San Francisco Bay. Water samples 

were collected from the bow pump except where different depths are noted after the station 

number. Density is the phytoplankton density in cells/ml and volume is the biovolume of the 

phytoplankton in cubic micrometers/mL
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STATION 657 657 657 657 657 657 657 657 
DATE 02/24/93 02/24/93 03/31/93 03/31/93 04/15/93 04/15/93 06/15/93 06/15/93

DENSITY/VOLUME Density Volume Density Volume Density Volume Density Volume 

BACILLARIOPHYCEAE

Achnanthas tinearis

Achnantha* mterocephaJa

Achnartfhes rninutissima 8 1354 122 7858 0.8 74

Amphora sp.

AaterioneUa formoaa 1.2 430

BaciUaria paradoxa
BaciUaria paxtllifer

Chaetocero»»ocialis 40 3260

Cocconem placentula

Coscinodiscus exc«ntricus

Coscinodiscus linaatus

Cyclotella caspia

Cyclotella gkxnerata

Cyclotella kutzingiana

Cyclotella meneghiniana 157 17756 122 49218 188 58917

Cyclotella pseudostelligera 16 221

Cyclotella stelligera 31 1844 102 14420
Cyclotella striata 41 25635

Diatoma vulgare 0.2 1046

Entomoneis paludosa
Fragilaria crotonensis 60 112560

Fragilaria pinnata

Fragilaria sp.
Fragilaria vaucheriae 16 5100

Gyrosigma spencerii

Melosira granulate 16 4210
Melosira granulate 28 2815

Melosira rtaJica 11 845
Melosira liraia

Melosira sp.

Melosira varians 125 861944 2 1448

Navicula cryptocephala 2 2240

Navicula halophila 4 1814

Navicula mutica 4 1814
Navicula notna 41 13883
Navicula subminiscula

Navicula tripunctata
Nitzschia acicularis
Nitzschia agnewii 41 5552

Nitzschia dissipata

Nitzschia frustulum
Nitzschia gracilis

Nitzschia inconspicua 143 3866

Nitzschia kuetzingiana 31 6795 0.8 154

Nitschia linearis

Nitzschia longissima
Nitzschia palea 63 38250 3 950 82 17258
Nitzschia reverse 16 6168

Nitzschia sp. 4 16160
Nitzschia sp. 1 31 49282
Pleurosigma aestuarii

25

3 
0.2

28

9

13

25
13

13

500

503
17850

9211

2488

4875

2977
39955

7000
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STATION 
DATE

DENSITY/VOLUME

657 657 657 657 657 657 657 657
02/24/93 02/24/93 03/31/93 03/31/93 04/15/93 04/15/93 06/15/93 06/15/93

Density Volume Density Volume Density Volume Density Volume

Pteuroeigma etongatum 
RNxoeoienia deiicatula 
Rhoicosphenia curvata 
Staphanodiftcus dubius 
Stophanodiscus hantzschii 
Stephanodiscus to. 
Synedra deiicatissima 
Synadra radians 
Synadra rumpens 
Synedra sp. 1

CHLOROPHYCEAE 
Chlamydomonas sp. 1 
Chlamydomonas sp. 2 
Chkxella marina 
Chkxalla salina 
Chkxella sp. 
Choricystis sp. 
Coeiastrum sphaericum 
Eudorina etogans 
Francaiasp. 
Kirchnerietla obesa 
Mteractinium pusillum 
Monoraphidium contortum 
Monoraphidium convolutum 
Monoraphidium griffithii 
Nannochloris atomus 
Pediastrum boryanum 
Planclonema sp. 
Scenedesmus acuminatus 
Scenedesmus ecornis 
Scenedesmus intermedius 
Scenedesmus opoliensis 
Schroederia setigera 
Spermatozopsis sp.

CHRYSOPHYCEAE 
Chromulina sp. 
Oinobryon divergent

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas pleurococca 
Chroomonas salina 
Chroomonas sp. 
Cryptomonas marsonii 
Cryptomonas ovata 
Cryptomonas rostrata 
Cryptomonas rostratiformis 
Cryptomonas sp.

2110

94 1325

31 3393

157 95224

250
188

0.8

125

125

11088

92283
36079

6048

7091

10300

4188

204

82

625
125

14158

32044

11964

38500
13000

0.8
125

157
2289

188 58903

188 19500

6 4532
0.8 1047

250 7525

10780
6111

0.8 
0.8

63

4776
643

263

625 20938

125

625

125

1713

2625

92283

250 
0.8

8250

250

15700 
50

34650

10250

63

125

2094

525

1663

313 35594
250 99500

0.4 1598
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STATION 657 657 657 657 657 657 657 657 
DATE 02/24/93 02/24/93 03/31/93 03/31/93 04/15/93 04/15/93 06/15/93 06/15/93

DENSITY/VOLUME Density Volume Density Volume Density Volume Density Volume

CYANOPHYCEAE
Anabaena affinis
Anabaena flos-aquae 3 503
Anabaenatp. 29 1885
Aphanocapsa delrcatissima 500 900
Dactytococcopw* acicularis 63 1094 0.8 57

Dactykxoccopsis fasctcularis 31 608 5 160
Marssoniellaetogans 750 900
Merismopedia tonutesima
Oscillatoria agardhii 119 3994
Oscillatoria limnetica 10 40
OsctUatoria sp.

DINOPHYCEAE
Qlenodinium sp. 63 177159

Oxytoxum milneri

EUGLENOPHYCEAE
Euglenaacus 63 91954
Eutreptia ianowii 2 293

PRASINOPHYCEAE 
Pyramimonas micron

HOLOTRICH CILIATE 
Mesodinium rubrum

TOTAL: 698 237047 2066 1266295 12442 638158 1968 373046
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STATION 
DATE

DENSITY/VOLUME

657 657 657 657 657 (2m) 657 (2m) 657 657
08/10/93 08/10/93 10/06/93 10/06/93 10/06/93 10/06/93 12/07/93 12/07/93

Density Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE 

Achnanthes lanceolate 
Achnanthes linaaris 

Achnanthes microcephala 

Achnanthes minutissi ma 

Amphora sp.

Badtlaria paradoxa 
Bacillaria paxillifer 

Chaatoceros socialis 

Cocconets plaoentula 

Coscinodiscus excentricus 

Coscinodiscus Uneatus 

Cyclotella caspia 

Cyclotella glomerata 

Cydotella kutzingiana 
Cyclotella meneghiniana 

Cyclotella pseudostelligera 

Cyclotella stelligera 

Cyclotella striata 
Diatoma vulgare 

Entomoneis paludosa 

Fragilaria crotonensis 

Fragilaria pinnata 

Fragilaria sp. 

Fragilaria vaucheriae 

Gyrosigma spencerii 

Melosira granulata 
Melosira granulata 

Melosira rtalica 

Melosira lirata 

Melosira sp. 

Melosira varians 

Navicula cryptocephala 

Navicula haJoohila 

Navicula mutica 

Navicula notha 

Navicula subminiscula 

Navicula tripunctata 

Nitrschia acicularis 

Nitzschia agnewii 

Nitzschia dissipata 

Nitzschia frustulum 
NitZBchia gracilis 

Nitzschia inconspicua 

Nitzschia kuetringiana 

NHschia linearis 

Nitzschia longissima 
Nitzschia palea 

Nitzschia reversa 

Nitzschia sp. 
Nitzschia sp. 1 

Pleurosigma aestuarii

0.2 1301
0.8 739
5 11578

0.6 6769

500
63

0.4

56500
3142

4241

188 50509

0.8

16

13

0.6

1736

529

1767

13

62
188

63146
14100

10 1508
6 12726

2 8335
334

0.8 
1.4

19
4

432

57
181

1152
14520

16

0.4

0.4

2077

418

1286

7115

0.8

0.4 
0.2

71

1286
59

0.6 37
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STATION 
DATE

DENSITY/VOLUME

657 657 657 657 657 (2m) 657 (2m) 657 657
08/10/93 08/10/93 10/06/93 10/06/93 10/06/93 10/06/93 12/07/93 12/07/93

Density Volume Density Volume Density Volume Density Volume

Plaurosigma atongatum

RhizMotonta daJicatula

Rhofeosphania curvata

Staphanodiscus dubius

Staphanodiscus hantzschii

Staphanodiscus sp.

Synadra daflcatissima

Synadra radians

Synadra rumpans

Syrtadra sp. 1

0.8

0.4

250

16

4052

900

625 88355
13165 16 839

5789

CHLOROPHYCEAE 

Chlamydomonas sp. 1 

Chlamydomonas sp. 2 
Chkxella marina 

Chtoralla salina 

Chlorella sp. 

Choricystis sp. 

Coelastrum sphaaricum 

Eudorina elagans 

Franceia sp. 

Kirchnarialla obesa 
Micractinium pusillum 

Monoraphidium contortum 

Monoraphidium convolutum 
Monoraphidium griffithii 

Nannochkxis atom us 

Padiastrum boryanum 

Planctonema sp. 

Scenadesmus acuminatus 

Scanedesmus ecornis 

Scanadesmus intermedius 

Scanadesmus opoliensis 

Schroederia setigera 
Spermatozopsis sp.

CHRYSOPHYCEAE 

Chromulina sp. 

Dinobryon divargans

CRYPTOPHYCEAE 

Chroomonas acuta 

Chroomonas amphioxeia 
Chroomonas pteurococca 

Chroomonas salina 

Chroomonas sp. 

Cryptomonas marsonii 

Cryptomonas ovata 
Cryptomonas rostrata 

Cryptomonas rostratiformis 

Cryptomonas sp.

2688 55306
63 263

9688
375

22825
24453

63 113

1609
7884

1.2 101

0.2

0.2
3000

0.8
16

13

16
12600

126
136

1625 6825 750

0.4

3150

40

402

125 14238

125

63

2

13000

65775

825

750
0.8

0.2 
0.4

85425
302

103
1417

63
0.2

7119
75

188 21356

625 65000

0.6 2490

1.0 
0.2 
1.2

720
509

38400
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STATION 657 657 657 657 657 (2m) 657 (2m) 657 657 
DATE 08/10/93 08/10/93 10/06/93 10/06/93 10/06/93 10/06/93 12/07/93 12/07/93

DENSITY/VOLUME Density Volume Density Volume Density Volume Density Volume

CYANOPHYCEAE
Anabaanaaffinfe 14 2328
Anabawta tot-aquae
Anabaenasp.
Aphanocapu deticatissima

Dactytococcopsis fascicularis
Mamonielia elegans
Merismopediatonuissima 500 600
Oscillatoria agardhii
Oscillatoria limnetica
Oscillatoria sp. 19 465

DINOPHYCEAE
Gtonodinium sp. 

Oxytoxum milneri

EUGLENOPHYCEAE
Euglenaacus 0.4 111
Eutreptia ianowii

PRASINOPHYCEAE
Pyramimonas micron 63 1288

HOLOTRICH CIUATE
Mesodinium rubrum 2 15843

TOTAL: 14327 397406 4461 198574 3025 165120 1028 92909
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STATION 757 757 757 757 4.1 4.1 4.1 4.1
DATE 06/15/93 06/15/93 10/07/93 10/07/93 03/31/93 3/31/93 06/15/93 06/15/93

DENSITY/VOLUME Density Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE 

Achnanthe* lanceolate 
Achnanthe* linearis 

Achnanthe* microcephala 

AchnanthM minutissima 

Amphora sp. 

Astarionella formosa 

BacHlaria paradoxa 
Bacillaria paxUlifer 

Chaetocero* socialis 

Cocconeis piacentula 

Coscinodiscus excentncus 

Coscinodtscus iineatus 

Cyclotella caspia 

Cyclotella gkxnerata 

Cyclotella kutzingiana 

Cyclotella meneghiniana 

Cyclotella pseudostelligera 

Cyclotella stelligera 

Cyclotella striata 
Diatoma vulgare 

Entomoneis paludosa 
Fragilaria crotonensis 

Fragilaria pinnata 

Fragilaria sp. 

Fragilaria vaucheriae 

Qyrosigma spencerii 

Melosira granulata 

Melosira granulata 

Melosira ttalica 

Melosira lirata 

Melosira sp. 

Melosira varians 

Navicula cryptoceprtala 

Navicula halophila 

Navicula mutica 

Navicula notha 

Navicula subminiscula 

Navicula tripunctata 

Nrtzschia acicularis 
Nitzschia agnewii 

Nrtzschia dissipata 

Nitzschia frustulum 
Nitzschia gracilis 

Nitzschia inconspicua 

Nitzschia kuetringiana 

Nrtschia linearis 

Nitzschia kxtgissima 

Nitzschia palea 

Nitzschia reversa 

Nitzschia sp. 

Nitzschia sp. 1 

Pleurosigma aestuarii

631

0.6 14807

223 37830
312 8429
89 20596 344 79499

31 376

0.2 17250

5 1079

673 2854698
375 13526

63
125

0.3

63

0.4
63

5880
5000

2813

240
10688

157 9640

18
5

5
5
5

36

0.4
10

12

0.8 

5

23

0.2
864
216

58

202

4720

3054
226
226

3054

10028
8018

1065

18850

8796

4447

3618

1964
1210

4185

2246

165 2337

86 43513

3 1053

200 397680

0.2

2
63

13

40

264
3750

150

16 1672
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STATION 
DATE

DENSITY/VOLUME

757 757 757 757 4.1 4.1 4.1 4.1
06/15/93 06/15/93 10/07/93 10/07/93 03/31/93 3/31/93 06/15/93 06/15/93

Density Volume Density Volume Density Volume Density Volume

Pteurosigma elongatum 

Rhizoeolenia deficatula 

Rhofeoaphania curvata 

Staphanodiscus dubius 

Slaphanodiacus hantzschii 

Staphanodiscus so. 

Synedra delicatissima 

Synadra radians 
Synedra rumpens 

Synadra sp. 1

CHLOROPHYCEAE 

Chlamydomonas sp. 1 

Chlamydomonas sp. 2 
ChloreUa marina 

CMorella salina 

Chlorella sp. 

Choricystis sp. 

Coelastrum sphaericum 

Eudorina etegans 
Franceiasp. 

Kirchneriella obesa 

Mtcractinium pusillum 

Monoraphidium contortum 

Monoraphidium convolutum 

Monoraphidium griffithii 

Nannochloris atomus 

Padiastrum boryanum 

Planctonema sp. 

Soanedesmus acuminatus 

Soanedesmus ecomra 
Soanedesmus intermedius 

Scenedesmus opoliensis 

Schroaderia setigera 

Spermatozopsis sp.

CHRYSOPHYCEAE
Chromulina sp. 

Dinobryon divergens

CRYPTOPHYCEAE 

Chroomonas acuta 

Chroomonas amphioxeia 

Chroomonas pteurococca 

Chroomonas salina 

Chroomonas sp. 

Cryptomonas manonii 

Cryptomonas ovata 
Cryptomonas rostrata 

Cryptomonas rostratrformis 

Cryptomonas sp.

0.2 1013

16 4105
5
5

5 
0.2

1039
8321

1954
9050

63
31

1563
8750

263
1049

6563
8750

63 11224
1375 19438

125 1768

250 2094

94 2458

1625 6825
4 2632

125 1311

0.8 50

0.4 53

8 855

2125 8925

438 19037

3 2346

313 1313

344 39216
63 23569

1750 40746 814 84635

1313 149494

125 13000

4 
0.4

0.8

8820
1516

4063
0.2 57
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STATION 
DATE

DENSITY/VOLUME

757
06/15/93

Density

757
06/15/93

Volume

757
10/07/93

Density

757
10/07/93

Volume

4.1
03/31/93

Density

4.1 
3/31/93

Volume

4.1 
06/15/93

Density

4.1 
06/15/93

Volume

CYANOPHYCEAE 
Anabaana affirm 
Anabaana flos-aquaa 
Anabaanasp.
Aphanocapsa dalicatissima 
Dactykxoccopsis acicularis 
Dactyloooccopsis fascicularis 
Mansoniella elegans 
Merismopedia tenutssima 
Osciltatoria agardhii 
Oscillatoria limnetic* 
Oscillatoria sp.

DINOPHYCEAE 
Gtenodinium sp. 
Oxytoxum milneri

EUGLENOPHYCEAE 
Euglena acus 
Eutreptia lanowii

PRASINOPHYCEAE 
Pyramimonas micron

HOLOTRICH CILIATE 
Mesodinium rubrum

TOTAL:

63 245

56 2653

16 404

1375 2430

63 1473

750 900

0.4 3616

0.4 352

14493 3051115 6695 287643 379 121301 5382 650054
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STATION 4.1 4.1 
DATE 10/06/93 10/06/93

DENSITY/VOLUME Density Volume

BACIILARIOPHYCEAE
Achnanttws lanoeolata
Achnanthtt Knearit
Achnanthtt microcephala
Achnanttws nunuDssiiTut
Amphora sp.
Asterionetla formosa
Bactilaria paradoxa
Batillaria paxillifw
Chaetoceros socialis
Cocconeis placentula
Coscinodiscus excentricus

Coscinodiscus Unaatus 0.2 4276
Cyclotella caspia

Cyclotella glomerata

Cyclotella kutzingiana
Cyclotella meneghiniana
Cyclotella pseudostelligera

Cydoteila stelligera

Cydoteila striata

Diatoma vulgar*

Entomoneis paludosa

Fragilaria crotonensis

Fragilaria pinnata

Fragilaria sp.

Fragilaria vaucheriae

Gyrosigma spencerii

Metosira granulate

Malosira granulata

Metosira italica

Mek»ira lirata
Metosirasp.

Metosira varians

Navicula cryptocephala

Navicula haiophila

Navicula mutica

Navicula notha

Navicula subminiscula
Navicula tripunctata

Nrtzschia aciculari$

Nitzschia agnewii

Nrtzschia di&sipata

Nitzschia frustulum 6 143

Nitzschia gracilis

Nrtrschia inconspicua

Nitzschia kuetzingiana 0.2 18

NHschla linearis

Nitzschia longissima 0.2 643

Nrtzschia paJea
Nitzschia reversa
Nitzschia sp.

Nitzschia sp. 1

Pleurosigma aestuarii
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STATION 
DATE

DENSITY/VOLUME

4.1 4.1
10/06/93 10/06/93

Density Volume

Ptouroftigma elongatum 

Rhizoaotonia dcticatula 
Rhoicosphenia curvata 

Stephanodiscus dubius 

Stephanodiscus hantzschii 

Stephanodiscus sp. 

Synedre deiicatissima 

Synedra radians 

Synedra rumpens 

Synedra sp. 1

CHLOROPHYCEAE 

Chlamydomonas sp. 1 

Chlamydomonas sp. 2 
Chlorella marina 

Chlorella salina 

Chlorella sp. 

Choricystis sp. 

Coelastrum sphaericum 

Eudorina elegans 
Franosiasp. 

Kirchneriella obesa 

Micractinium pusillum 

Monoraphidium oontortum 

Monoraphidium convolutum 

Monoraphidium griffithii 

Nannochloris atomus 

Pediastrum boryanum 

Planctonema sp. 

Scenedesmus acuminatus 

Scenedesmus ecornis 

Scenedesmus intermedius 

Scenedesmus opoliensis 

Schroederia setigera 

Spermatozopsis sp.

CHRYSOPHYCEAE 
Chromulina sp. 

Dinobryon divergens

CRYPTOPHYCEAE 

Chroomonas acuta 

Chroomonas amphioxeia 
Chroomonas pleurococca 

Chroomonas salina 

Chroomonas sp. 

Cryptomonas marsonii 

Cryptomonas ovata 

Cryptomonas rostrata 

Cryptomonas rostratiformis 

Cryptomonas sp.

0.6 1645

438 28634

625 2625

63
2

7119
830

750 78000

369



STATION 4.1 4.1 
DATE 10/06/93 10/06/93

DENSITY/VOLUME Density Volume

CYANOPHYCEAE 
Anabaana affirm

Anabaenatp.
Aphanocapu delicatissima
Dactytococcopsts acteulare
Dactytococcopsis fascicularis
Maresonialla «i«gans
Merisnwpediatonuittima 250 442
Osdttatoria  gardhfi
OsciUatoria limnetica
Osdllatoria sp.

DINOPHYCEAE 
Glenodinium sp. 
Oxytoxum milneri

EUGLENOPHYCEAE
Euglena acus 0.2 929
Eutreptia lanowii

PRASINOPHYCEAE 
Pyramimonas micron

HOLOTRICH CIUATE
Mesodinium rubrum 13 186606

TOTAL: 2148 311909
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STATION 
DATE

DENSITY/VOLUME

6666666 
02/24/93 02/24/93 04/15/93 04/15/93 6/15/93 6/15/93 8/10/93

Density Volume Density Volume Density Volume Density

BACILLARIOPHYCEAE 

Achnanthe* minutissima 

Chaetocero* debit* 

Cosdnodiscus  xcentricus 

Cosdnodiscus ttneatus 

Cosdnodiscus marginatus 

C. oculus-tridis 

Coscinodtscus radiatus 

Cydotella caspia 

Cydotalla glomerata 

Cydotella kutzingiana 
Cydotella meneghiniana 

Cydotella stelligera 

Cydotella striata 
Cylindrotheca dosterium 

Cymbella sinuata 

Diploneis sp. 
Ditylum brightwelii 

Entomoners paludosa 

Fragilaria crotonensis 

Fragilaria pinnata 

Fragilaria sp. 
Qyrosigma fasciola 

Qyrosigma macrum 

Metosira Urata 

Navicula capttata 

Navicula pupula 

Navicula sp. 

Nitzschia adcularis 

Nitrschia agnewii 

Nitzschia dissipata 

Nitzschia fonticoJa 

Nitzschia frustulum 

Nitzschia gracilis 
Nitzschia inconspicua 

Nitzschia kuetzingiana 

Nitzschia paJea 

Nttzschia paJeacea 

Nitzschia reversa 

Nitzschia sp. 1 
Paralia sulcata 

Pteurosigma normanii 

Rhizosolenia delicatula 

Rhoicosphenia curvata 

Rhopalodia gibba 

Stephanodiscus dubius 

Stephanodiscus hantzschii 

Stephanodiscus sp. 

Thalassiosira rotula 

Thalassiosira subtil*

CHLOROPHYCEAE 
Chlorella marina

187

0.4

16 6283

125 78538

620

125 95183
157 7867

280
10
60
10

10555
2309
5890
1414

8

8

63

16

63
63

4
8

125
4

63

8695
80400

2668
387

2398

97920
979

47575

94 83262
188 8173

0.4 1500

0.6
2808

187

1142 2271548

63

16
10

5025

187
374

0.4
140

0.4

8104
1974

1904

188

125 22449 63

371



STATION 
DATE

DENSITY/VOLUME

6666666 
02/24/93 02/24/93 04/15/93 04/15/93 6/15/93 6/15/93 8/10/93

Density Volume Density Volume Density Volume Density

Chtoradaaalina
Chtoradaap. 63 2094
Kirchnerieta lunaris

125
31

4250
525
197

Kkchrttriefla obesa 
Lagerhetmia genavensis 
Monoraphktium contortum 
Monoraphidujm oonvolutum 
Monoraphidium griffithii 
Nannochlon* atomus 
Planctonema sp.

CHRYSOPHYCEAE 
Chrysococcus sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina 
Cryptomonas marsonii 
Cryptomonas ovata 
Cryptomonas »p.

CYANOPHYCEAE 
Dactylococcopsis (ascicularis 
Merismopedia tenuissima

DINOPHYCEAE 
Ceratium minutum 
Dinophysis fortii 
Qonyaulax catenella 
Qonyaulax tp. 
Qonyaulax tamarensis 
Qymnodinium sptendens 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum micans 
Protoperidinium tp.

EUGLENOPHYCEAE 
Euglenaacus 
Eutraptia lanowii

PRASINOPHYCEAE 
Pyramimonas grossii 
Pyramimonas micron 
Tetraselmfe gracilis

HOLOTRICH CIUATE 
Mesodinium rubrum

TOTAL:

1377 5784

31

1000

590

1800

63

63
63

125

884

1894
3663

13000

188 5653

188 482325

970 100911
63 32282

0.8 6600

63 2122

125 14238

1563 162500

125 35839

31 645

313

625

875

0.6

63

0.2 7527

1044 830323 3225 347837 4904 2560277 6470

372



STATION 
DATE

DENSITY/VOLUME

BACILLARIOPHYCEAE 
Achnanthes minutissima 
Chaetocaros <tobil«

Coacinodiscus Vneatus 

Coacinodiscus marginatus 

C. oculus-lridis 

Coscinodiscus radiatus 

Cydotella caspia 

Cydotella glomerata 

Cydotella kutzingiana 

Cydotella meneghiniana 

Cydotella stelligera 

Cydotella striata 
Cylindrotheca dosterium 

Cymbella sinuata 

Diptoneis sp. 

Ditylum brightwetii 

Entomoneis paludosa 

Fragilaria crotonensis 

Fragilaria pinnata 

Fragilaria sp. 

Gyrosigma (asciola 

Gyrosigma macrum 

Metosira lirata 

Navicula capitata 

Navicula pupula 

Navicula sp. 

Nitzschia acicularis 

Nrtzschia agnewii 

Nitzschia dissipata 

Nitzschia fonticola 

Nitzschia frustulum 

Nitzschia gracilis 

Nitzschia inconspicua 

Nitzschia kuetzingiana 

Nitzschia palea 

Nitzschia paleacea 

Nitzschia reversa 

Nitzschia sp. 1 

Paralia sulcata 

Pleurosigma normanii 

Rhizosotenia delicatula 

Rhoicosphenia curvata 

Rhopalodia gibba 

Stephanodiscus dubius 

Stephanodiscus hantzschii 

Stephanodiscus sp. 

Thalassiosira rotula 

Thalassiosira subtilis

6 6 6 6 6 8.1 8.1 
8/10/93 10/06/93 10/06/93 12/07/93 12/07/93 10/07/93 10/07/93

Volume Density Volume Density Volume Density Volume

51034 0.2 2644 
0.6 38515 1.4 85010 
0.4 2737 3 11404

1501 

392 

16837 1.2 422 188 14726 

2401

15326 

2 738

13 300 563 2250

1.2 443 

1.2 3289 2 4934 2 4385

6809

CHLOROPHYCEAE
Chlorella marina 3398

373



STATION 
DATE

DENSITY/VOLUME

6 6 6 6 6 8.1 8.1
8/10/93 10/06/93 10/06/93 12/07/93 12/07/93 10/07/93 10/07/93

Volume Density Volume Density Volume Density Volume

CWoreUa salina 

Chlorattasp. 

KkchrttrieOa lunaris 

KkchnarieUa obna

12517

Monoraphidium oontortum 

Monoraphidium oonvolutum 

Monoraphidium griffithii 

Nannochloris atomus 

Planctonema sp.

CHRYSOPHYCEAE
Chrysococcus sp.

CRYPTOPHYCEAE 

Chroomonas acuta 

Chroomonas amphioxeia 

Chroomonas salina 

Cryptomonas marsonii 

Cryptomonas ovata 

Cryptomonas sp.

CYANOPHYCEAE 

Dactytococcopsis fasctculans 

Merismopedia tenuissima

DINOPHYCEAE 

Ceratium minutum 

Oinophysis fortii 

Gonyaulax catenella 

Gonyaulax sp. 

Gonyaulax tamarensis 

Gymnodinium spfendcns 

Heterocapsa triquetra 

Katodinium rotundatum 

Oxytoxum milneri 

Prorocentrum micans 

Protoperidinium sp.

EUGLENOPHYCEAE 

Euglena acus 

Eutreptia lanowii

PRASINOPHYCEAE 

Pyramimonas grossii 

Pyramtmonas micron 

Tetraseimis gracilis

HOLOTRICH CIUATE 
Mesodinium rubrum

TOTAL:

1 25 525 375 1575

35599

65000
1.2

50

453
5200

313

0.6
1500

35594
226

156000

188
2

688

21356
754

71500

1 050

4031

1 1 0788

0.4 
0.2

1289
147

0.4 5439

326682 69 56798

3 738

1945 201400

0.8 6337

2009 220732

374



STATION 
DATE

DENSITY/VOLUME

12.5 12.5 12.5 12.5 12.5 12.5 13
03/31/93 03/31/93 6/15/93 6/15/93 10/06/93 10/06/93 02/24/93

Density Volume Density Volume Density Volume Density

BACILLARIOPHYCEAE 

Achnanthas ntinutissima 

Chaetoceros debile 

Coscinodiscus exoentricus 

Coecinodiscus Kneatus 
Coecinodiscus marginatus 

C. oculus-iridis 

Cosdnodiscu* radiatus 

Cydoteila caspia 

Cydotella glomerate 

Cydotella kutzingiana 
Cydotella m«neghiniana 

Cydotella stelligera 

Cydotella striata 
Cyiindrotheca dosterium 

Cymbella sinuata 

DipJoneissp. 
Ditylum brightwelii 

Entomoneis paiudosa 

Fragilaria crotonensis 

Fragilaria pinnata 

Fragilaria sp. 

Gyrosigma fasdola 

Gyrosigma macrum 

Melosira Urata 

Navicula capitals 

Navicula pupula 

Navicula sp. 

Nitzschia acicularis 

Nitzschia agnewii 

Nitzschia dissipata 

Nitzschia fonticola 

Nitzschia frustulum 

Nitzschia gracilis 
Nitzschia inconspicua 

Nitzschia kuetzingiana 

Nitzschia palea 

Nitzschia paJeacea 

Nitzschia reversa 

Nitzschia sp. 1 

Paralia sulcata 

Pteurosigma normanii 

Rhizosotenia delicatula 

Rhoicosphenia curvata 

Rhopalodia gibba 

Stephanodiscu* dubius 

Stephanodiscus hantzschii 

Stephanodiscus sp. 
Thalassiosira rotula 

Thalassiosira subtilis

CHLOROPHYCEAE
Chkxella marina

313 38647
5188 347044

0.8 264058

16

63

562001

588

39269

9 
1.2

44295
29615

94

12
112

0.8 137

26 19754

125 4000

4
8

12
4

63 10069

6029

0.2 6803

500 40700

375



STATION 
DATE

DENSITY/VOLUME

12.5 12.5 12.5 12.5 12.5 12.5 13
03/31/93 03/31/93 6/15/93 6/15/93 10/06/93 10/06/93 02/24/93

Density Volume Density Volume Density Volume Density

Chlorsfla salina 
Chkxellasp. 
KkchnerMla lunaris 
KkchnerMla obesa 
Lagerheimia genevermis 
Monoraphidium oontortum 
Monofi>phifliiiin convolutum 
Monoraphidium griffithii 
Nannochkxis atomus 
Planctonema sp.

CHRYSOPHYCEAE 
Chrysococcus sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina 
Cryptomonas marsonii 
Cryptomonas ovata 
Cryptomonas sp.

CYANOPHYCEAE 
Oactytococcopsis fascicularis 
Merismopedia tenuissima

DINOPHYCEAE 
Ceratium minutum 
Dinophysis fortii 
Qonyaulax catenella 
Qonyaulax sp. 
Qonyaulax tamarensis 
Gymnodinium splendens 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocantrum micans 
Protoperidinium sp.

EUGLENOPHYCEAE 
Eugtena acus 
Eutreptia lanowii

PRASINOPHYCEAE 
Pyramimonas grossii 
Pyramimonas micron 
Tetraselmis gracilis

HOLOTRICH CIUATE 
Mesodinium rubrum

TOTAL:

125

188
188
31

2313
688

1048

2595
786

1780
9713

37448
1125 4725 63 263 2750

625 18813
63 25088

250 26000
313

1313
131250
136500

500
8500

188550
884000

563

407

0.2 13911

1063 1.96E-P08
63 110788
31 5395 250 25450 63

0.6 
0.2

17550

1213
1885

344

0.2 119

31
375 12263

266 3754734 

12063 1.97E+08 3374 4681329 9264 1191310 4361

376



STATION 
DATE

DENSITY/VOLUME

13 13 13 13 13 13 13
02/24/93 04/15/93 04/15/93 6/15/93 6/15/93 8/10/93 8/10/93

Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE
Achnantne* minutissirna 128
Chaatocaroa dabtla
Coiclrtodtscua axcantricus
Coiclrtodtscua lioaatus
Coadnodiscus marginatus
C. ocutus-iridis
Cosdnodiscua radiatus 36893
Cydotalla easpia
Cydotalla gkxnerata
Cydotalla kutzingiana
Cydotalla managhiniana 1696
Cydotellastalligara 4222
Cyctotella striata
Cylindrolheca dosterium
Cymbella sinuata
Diptooets sp.
Ditylum brighlwelii
Entomonais paludosa
Fragilaria ciotonensis
Fragilaria pinnata
Fragilaria sp.
Gyrosigma fasciola
Gyrosigma macrum
Melosira lirata
Navicula capitata 1088
Navicula pupula 4127
Navicula sp.
Nitzschia acicularis
Nitzschia agnewii
Nitzschia dissipata
Nitzschia fonticola 324
Nitzschia frustulum
Nitzschia gracilis
Nitzschia inconspicua
Nitzschia kuetzingiana 685
Nitzschia paJea 2285
Nitzschia paJeacea 3340
Nitzschia reversa 2190
Nitzschia sp. 1
Paralia sulcata
Pleurosigma normanii
Bhizosolenia delicatula
Rhoicosphenia curvata 1440
Rhopalodia gibba
Stephanodiscus dubius
Stephanodiscus hantzschii
Stephanodiscus sp.
Thalaaaiotira rotuta
Thalassioftira subtilts

CHLOROPHYCEAE
Chlorella marina

188 216815

125 99730713

313 56522
1938 328678

2 412134 5 279858

31 3540 16 4202

63 7071

0.6 7757

0.2 
1.2

2412
8316

12252

500 32725 219 18054
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STATION 
DATE

DENSITY/VOLUME

13 13 13 13 13 13 13
02/24/93 04/15/93 04/15/93 6/15/93 6/15/93 8/10/93 8/10/93

Volume Density Volume Density Volume Density Volume

ChloreUa salina 
CMoraHasp. 
KhchMrieUa lunaris 
Kircnneriella obesa 
Lagerbeimia genevansis 
MoooraphkJium contortum 
Monorephidium convolutum 
Monoraphidium griffithii 
Nannochloris atomus 
Planctonema sp.

CHRYSOPHYCEAE 
Chrysococcus sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina 
Cryptomonas marsonii 
Cryptomonas ovata 
Cryptomonas sp.

CYANOPHYCEAE 
Dactylococcopsis fascicularis 
Merismopedia tenuissima

DINOPHYCEAE 
Ceratium minutum 
Oinophrysis fortii 
Gonyaulax catertella 
Gonyaulax sp. 
Gonyaulax tamarensis 
Gymnodinium splendens 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum micans 
Protoperidinium sp.

EUGLENOPHYCEAE 
Euglenaacus 
Eutreptia lanowii

PRASINOPHYCEAE 
Pyramimonas grossii 
Pyramimonas micron 
Tetraselmm gracilis

HOLOTRICH CIUATE 
Mesodinium rubrum

TOTAL:

31 1049

11550 2188 9188 595 2197 750 3750

17059

42328

1063 31981
125 41137
250 26000

1096 124778
93 39228

1096 3255

750 85425
750 282825

3125 325000

29191

93 59635

125 221575
1125 95513 751

0.2
76461
66015

0.6

0.8 
0.2 
0.2

0.6

4031

1418
56

997

5655

0.4 237

1955 875 106873
875 24894
125 20566

63 691006 344 2726630 

160501 10031 1.02E+08 4259 3473577 5403 1023955
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STATION 
DATE

DENSITY/VOLUME

13 13 13 13
10/06/93 10/06/93 12/07/93 12/07/93

Density Volume Density Volume

BACILLARIOPHYCEAE 
Acnnanthoc minulissifna

CoKtnodtscus  xcantricus 

Coecinodncus Kneatus 
Coactnodiacuc marginatus 

C. oculus-iridis 

Coacinodiscus radiatus 

Cydotetia caspia 

Cydotetia gkxnerata 

Cydotofla kutzingiana 

Cydotelia rrwrwghiniana 

Cydotella stoiligera 

Cydotella striata 
Cylindrotheca ctosterium 

Cymbelia sinuata 

Diplonetssp. 

Ditylum brightwelii 

Entomoneis paludosa 

Fragilaria crotonensis 

Fragilaria pinnata 

Fragilaria sp. 

Qyrosigma (asctola 

Qyrosigma macrum 

Metosira Urata 

Navicula capitata 

Navicuia pupuia 

Navicula sp. 

Nitzschia acicularis 

Nrtzschia agnewii 

Nitzschia dissipata 

Nitzschia fonticola 

Nitzschia frustulum 

Nitzschia gracilts 

Nitzschia inconspicua 

Nitzschia kuetzingiana 

Nitzschia patoa 

Nitzschia paleacea 

Nitzschia reversa 

Nitzschia sp. 1 

Paralia sulcata 

Pleurostgma normanii 

Rhizosotonia delicatula 

Rhc4cosphenia curvata 

RhopakxJia gibba 
Staphanodiscus dubius 

Stephanodtscus hantzschit 

Stephanodtscus sp. 

Thalassiosira rotuia 

Thalassiosira subtilts

CHLOROPHYCEAE
Chloralla marina

4 
0.4

25544
18539

1 10603
0.2 12144

12370

0.8 2192

379



STATION 
DATE

DENSITY/VOLUME

13 13 13 13
10/06/93 10/06/93 12/07/93 12/07/93

Density Volume Density Volume

ChkxaUa aalina 
ChkxaUasp. 
KirchnerMla kinaris 
KbchnerMlaobasa 
Lagertwimia genevwwis 
Monoraphidium contortum 
Monoraphidium oonvolutum 
Monoraphidium griffithii 
Nannochloris atomus 
Planctonema sp.

CHRYSOPHYCEAE 
Chrysococcus sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina 
Cryptomonas marsonii 
Cryptomonas ovata 
Cryptomonas sp.

CYANOPHYCEAE 
Dactylococcopsts fascicutaris 
Merismopedia tenuissima

DINOPHYCEAE 
Ceratium minutum 
Oinophysis fortii 
Qonyaulax catenella 
Qonyaulax sp. 
Gonyaulax tamarensis 
Qymnodinium splendens 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum micans 
Protoperidinium sp.

EUGLENOPHYCEAE 
Euglenaacus 
Eutreptia lanowii

PRASINOPHYCEAE 
Pyramimonas grossii 
Pyramimonas micron 
Tetraselmis gracilis

HOLOTRICH CIUATE 
Mesodinium mbrum

TOTAL:

375 141413
3875 403000

1.2 137
57 21419
49 5075

0.8 55646
0.2 7503

2 5947
1.4 102200

156 43889

0.2 404

1.0

1.2

0.6 356

0.2 
0.4

76572

2425

2136

24
15

5 42777

4424 819003 119 173327
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STATION 
DATE

DENSITY/VOLUME

18 18 18 18
02/24/93 02/24/93 4/15/93 4/15/93

Density Volume Density Volume

18 18 18 18
6/15/93 6/15/93 8/10/93 8/10/93

Density Volume Density Volume

BACILLARIOPHYCEAE

Btddutphiaaurita 

BkJdulphiamobiliensis 

Btddutphia putehella 

Chaetoceros debito 

Chaetoceros cfidymus 

Chaatooeros gracili* 

Chaetoceros socialis 

Chaatooeros wighami 

Cosdnodiscus concinnus 

Cosdnodiscus excentricus 

Cosdnodiscus lineatus 

Coscinodiscus marginatus 

C. oculus-iridis 

Coscinodiscus radiatus 

Cydotella caspia 
Cydotelta meneghiniana 

Cydoteltasp. 

Cydotella stelligera 

Cydotella striata 

Cylindrotheca dosterium 

Oetylum brightwelii 

Eucampia zodiacus 

Gryrosigma acuminatum 

Qyrosigma fasctola 

Leptocylindrus minimus 

LJthodesmium undulatum 
Melosira lirata 

Melosira nummuloides 

Navicuta peregrina 

Nitzschia kuetzingiana 

Nitzschia longissima 

Nitzschia paciftca 

Nitzschia palea 

Nitzschia paJeacea 

Nitzschia reversa 

Nitzschia sariata 

Ntaschia vrtrea 

Paralia sulcata 

Pteurosigma aestuarii 

Pleurosigma angulatum 

Pleurosigma ekxtgatum 

Pleurosigma normanii 

Rhizosolenia delicatuta 

Rhizosoienia fragilissima 

Rhizosolenia setigera 

Rhizosoienia stolterfothii 
Sketotonema costatum 

Streptotheca tamesis 

Thalassionema nftzschioides 

Thalassiosira rotula 

Thalassiosira sp.

31 28319

282 39866

63 31800

0.6 10191

0.6 567

6 522

11 2023202

0.8 11905

375 7950

0.4 22564

63

0.8 
1.4

785

90254
87067

2 528121
2 60470

63 3142 125 14765

4 2534 0.4 89

0.2 2586

1385

6754 17560

1.0 12104

0.2 2777
7 558

52 500287

0.8 5941
0.4 7238

14 1025

381



STATION 
DATE

DENSITY/VOLUME

18 18
02/24/93 02/24/93

Density Volume

18 18
4/15/93 4/15/93

Density Volume

18 18 18 18
6/15/93 6/15/93 8/10/93 8/10/93

Density Volume Density Volume

Thalassiothrix frauenfeldii

CHLOROPHYCEAE 
Chlamydomonas sp. 1 
Chtoretta marina 
ChtoraKasalina 
CMorallasp.
Monoraphidium contortum 
Monoraphidium oonvolutum 
Monoraphidium sp. 
Nannochioris atomus 
Planctonema sp.

CHRYSOPHYCEAE 
Oistephanus speculum

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Dactylococcopsis fascicularis

DINOPHYCEAE 
Ceratium minutum 
Dinophysis fortii 
Dinophysis sp. 
Gonyaulax catenella 
Gonyaulax sp. 
Gonyaulax tamarensis 
Gonyaulax triacantha 
Gymnodinium sp. 
Gymnodinium splendens 
Gyrodinium spiral* 
Heterocapsa triquetra 
Katodinium rotundatum 
Noctiluca sp. 
Oxytoxum milneri 
Peridinium sp. 
Proroc«ntrum aporum 
Prorocentrum gracile 
Prorocentrum micans 
Prorocentrum minimum 
Protoperidinium brevipes 
Protopehdinium deficiens 
Protoperidinium depressum 
Protoperidinium sp.

EUGLENOPHYCEAE 
Euglena sp. 
Eutreptia lanowii

125 2800

344 620

939 28452

470 48880

6

20

7 
0.2

0.2

0.6

20

0.2 
0.2

31
2

750

31 175

4063 17063

1063 31981
688 259256
1250 130000

50392

22999

478843

12408
20

997

1260

28520

86002
4535

24425
1305

0.4
7

0.4

0.8

5 

0.4

3150

2938 12338 688 2888

1688 192171
250 110000
1313 136500

813 92544
125 47138

2875 299000

0.2 8924

1.2 13117

21 142441
0.8 2268
2 1103

49384
12054

41

3989

24730

276

0.8
5

0.8

2205

147336
9572
39

9972

3 14426

5 14740

382



STATION 
DATE

DENSITY/VOLUME

18 18 18 18 18 18 18 18
02/24/93 02/24/93 4/15/93 4/15/93 6/15/93 6/15/93 8/10/93 8/10/93

Density Volume Density Volume Density Volume Density Volume

PRASINOPHYCEAE
Pyramimonat grossii

Pyramimonat micron

Pyramimonas sp. 1

Tatraselmis gratilm

16

125 1025 1063
1929

23532 188 16114
0.2
188

24
13013

HOLOTRICH CIUATE 
Mesodinium rubrum

TOTAL 2379 181762 8347 4321195

57492

7632 857024 4900 858750
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STATION 18 
DATE 10/05/93

DENSITY/VOLUME Density

BACILLARIOPHYCEAE
Asterionetia gladalts

Btddtripniaaurita

Biddulphia mobilwnsis 0.4

Biddulphia pulcnella

Chaetocefos debit* 0.8

Chaetoceros didymus

Chaetoceros gracilis 0.4

Chaetoceros socialis

Chaetoceros wighami

Cosdnodiscus concinnus

Coscinodtscus exoentricus

Cosdnodrscus lineatus 0.6

Cosdnodrscus marginatus

C. oculus-iridis

Coscinodtscus radiatus

Cydotella caspia
Cyclotella meneghiniana

Cydotella sp.

CydotaHa stelligera

Cydotella striata

Cylindrotheca dosterium 0.4

Dftylum brightwelii 0.4

Eucampia zodiacus 0.4

Gryrosigma acuminatum

Gyrosigma fasciola

Leptocylindrus minimus

Lithodesmium undulatum

Metosira lirata

Metosira nummuloides

Navicula peregrine

Nitzschia kuetzingiana 0.4

Nitzschia longissima 6

Nitzschia pacifica

Nitzschia palea

Nitzschia paleacea

Nitzschia reversa

Nitzschia seriata

Nitzschia vrtrea

Paralia sulcata 4
Pleurosigma aestuarii

Pleurosigma angulatum

Pleurosigma elongatum

Pteurosigma normanii 1 . 2

Rhizosolenia delicatula

Rhizosolenia fragilissima

Rhizosolenia setigera

Rhizosolerua stoherfothii

Skeletonema costatum

Streptotheca tamesis 1.2

Thalassionema nitzschioides

Thalassiosira rotula

Thalassiosira sp.

18 18 (36m) 18 (36m) 18 
10/05/93 10/05/93 10/05/93 12/07/93

Volume Density Volume Density

4173 0.4 26258
0.4

1000
0.2

148 0.8

1.0
5754 0.8 443376 0.6

1.0 3801 0.2
0.6

8 1131 16
250

230
117617

10078 3 15874 0.4

0.4
0.4 15932

14
20582 6 19296 1.2

1.4

286 0.8 295 13

101439 0.8 9684 0.2
0.6 1644

0.2
0.2 630

6 1685 1.2
120376

0.4

18 
12/07/93

Volume

4916

6
296

24532£^ww£

93303
943

318960

2205
28274

1052

282

3859

4604

4725

3557

2368

91

3848

24 24 
03/18/93 03/18/93

Density Volume

63 6136
188 15313

31 331860

31 10298350

16 3685

188 3478871
219 3341847

384



STATION 
DATE

DENSITY/VOLUME

18 18 18 (36m) 18 (36m) 18 18 24 24
10/05/93 10/05/93 10/05/93 10/05/93 12/07/93 12/07/93 03/18/93 03/18/93

Density Volume Density Volume Density Volume Density Volume

Thalasskxhrtx frauenfeldii

CHLOROPHYCEAE 
Chlamydomonas sp. 1 
ChJoralla marina 
Chlorella salina 
Chkxellasp.
Monoraphidium contortum 
Monoraphidium convoJutum 
Monoraphidium sp. 
Nannochkxn atom us 
Planctonama sp.

CHRYSOPHYCEAE 
Distephanus speculum

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Dactylococcopsis fascicularis

DINOPHYCEAE 
Ceratiunn minutum 
Dinophysis fortii 
Dinophysts sp. 
Gonyaulax catenella 
Gonyaulax sp. 
Gonyaulax tamarensis 
Gonyaulax triacantha 
Gymnodinium sp. 
Gymnodinium splendens 
Gyrodinium spirals 
Heterocapsa triquetra 
Katodinium rotundatum 
Noctiluca sp. 
Oxytoxum milneri 
Peridinium sp. 
Prorocentrum aporum 
Prorocentrum gracila 
Prorocentrum micans 
Prorocentrum minimum 
Protoperidinium brevipes 
Protoperidinium deficiens 
Protoperidinium depressum 
Protoperidinium sp.

EUGLENOPHYCEAE 
Euglena sp. 
Eutreptia lanowii

0.2

313
2

500

8
0.8 
0.4

0.4 314 0.8 1816

313 4418

85

6702

35594
603

52000

0.4 59
375 1575 1753 7362

0.6 2615

188 21356
2 603

1188 123500 813 84500

2500 75250
1063 500712
1972 205026

417341

0.8

2

2
4

2

3

4322

7707

58082
275657

4254

13960

0.4

2
2

0.2
0.2
3
2

1482

168457
25846
355
56

445129
11966

0.6

1.2
0.4
0.2

0.4

0.2

503

91886
6462
355

52368

2288

31 55481

15361
1311
1391

0.4 19007

4042

0.2 107845 0.2

12127

7248

1.2 712 31 18572
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STATION 
DATE

DENSITY/VOLUME

18 18 18 (36m) 18 (36m) 18 18 24 24
10/05/93 10/05/93 10/05/93 10/05/93 12/07/93 12/07/93 03/18/93 03/18/93

Density Volume Density Volume Density Volume Density Volume

PRASINOPHYCEAE 
Pywnirnoras grossii 
Pyrwntmoncs micron 
Pyramimonas sp. 1 
Tetmeknts gracilis

HOLOTRICH CIUATE 
Mesodinium rubrum

TOTAL:

0.4
563

9
11588

0.2 25
188
94

2656
7737

1747 1855438 1799 1869474 1111 760071 8367 18348856
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STATION 
DATE

DENSITY/VOLUME

24 24
4/30/93 4/30/93

Density Volume

24 24 24 24 27 27
6/15/93 6/15/93 10/07/93 10/07/93 02/24/93 02/24/93

Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE 

AsterioneUa giacialts 

BMdulphia aurita 

Biddulphia mobiliwwm 

Biddulphia pufchella 

Chaetoceros debite 

Chaetoceros dktymus 

Chaetoceros gracilis 

Chaetoceros social is 

Chaetoceros wighami 

Coscinodiscus concinnus 

Coscinodiscus excentricus 

Coscinodiscus lineatus 

Coccinodtscus marginatus 

C. oculus-iridts 

Coscinodiscus radiatus 

Cydotella caspia 
Cydoteila meneghiniana 

Cydotella sp. 

Cydotolla stelligera 

Cydotella striata 

Cylindrotheca dosterium 

Oitylum brightwelii 

Eucampia zodiacus 

Gryrosigma acuminatum 

Gyrosigma fasciola 

Leptocylindnis minimus 

Ljthodesmium undulatum 

Metosira lirata 

Mekwira nummuloides 

Navicula peregrina 

Nrtzschia kuetzingiana 

Nitzschia longissima 

Nitzschia pacrfica 

Nitzschia palea 

Nitzschia paJeacea 

Nitzschia reversa 

Nitzschia seriata 

Nitzschia vitrea 

Paralia sulcata 

Pteurosigma aestuarii 

Pteurosigma angulatum 

Pteurosigma etongatum 

Pteurosigma normanii 

Rhizosolenia delicatula 

Rhizosolenia fragilissima 

Rhizosolenia setigera 

Rhizosolenia stoltertothii 

Skeletonema costatum 

Streptotheca tamesis 

Thalassionema nitzschioides 

Thalassiosira rotula 

Thalassiosira sp.

938 55370

0.6 5772
1.0 187334

0.4 43211

750 31228
12 945

1.2 102808

0.6 7374

0.6 8171
1.0 186502

125 12272

31 9887773
157 73982

94 4725

0.2 66015

0.2 2586

176 132999

2 7718 0.6 1930

1.4 1000

0.2 2412

1476
4 9013

94 47827

63 1139938

165 12456
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STATION 
DATE

DENSITY/VOLUME

24 24
4/30/93 4/30/93

Density Volume

24 24 24 24 27 27
6/15/93 6/15/93 10/07/93 10/07/93 02/24/93 02/24/93

Density Volume Density Volume Density Volume

Thalassiothrix frauenfeidii

CHLOROPHYCEAE 
Chlamydomonas sp. 1 
CMoreNa marina 
Chtoreilasalina 
CWorettasp.
Monoraphidium contortum 
Monoraphidium convolutum 
Monoraphidium sp. 
Nannochloris atomus 
Planctonema sp.

CHRYSOPHYCEAE 
Distephanus speculum

CRYPTOPHYCEAE
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas safina

CYANOPHYCEAE 
Dactytococcopsis fascicularis

DINOPHYCEAE 
Ceratium minutum 
Dinophysis fortii 
Dinophysis sp. 
Gonyaulax catenella 
Gonyaulax sp. 
Gonyaulax tamarensis 
Gonyaulax triacantha 
Gymnodinium sp. 
Gymnodinium splendens 
Gyrodinium spirale 
Heterocapsa triquetra 
Katodinium rotundatum 
Noctilucasp. 
Oxytoxum milneri 
Peridinium sp. 
Proroc«ntrum aporum 
Prorocentrum gractle 
Prorocentrum micans 
Prorocentrum minimum 
Protoperidinium brevipes 
Protoperidinium deficiens 
Protoperidinium depressum 
Protoperidinium sp.

EUGLENOPHYCEAE 
Euglena sp. 
Eutreptia lanowii

375 1575
125 4189

5000 14438

375 11288
688 259256

4250 442000

0.3 867

0.3 31495

250

10

1050

418
1250 5250

5688 647806
1250 471375
6813 708500

2 15873
52 223231

13 21266

38 193719

4 2257

0.4 172004

2 1187

625 78022
32 12143

2250 234000

1596 48359

657 68328

1.2 83468

10

7
4
9

1.0

6

235834

551315
543224
15599

49

24551

5

3
4
18

938

6

15433

515677
543224
32616
263226

15199

0.4

0.8

125
0.2
1.2
1.2

293

61257

221575
56

16705
5983

1.0 2021
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STATION 
DATE

DENSITY/VOLUME

24 24 24 24 24 24 27 27
4/30/93 4/30/93 6/15/93 6/15/93 10/07/93 10/07/93 02/24/93 02/24/93

Density Volume Density Volume Density Volume Density Volume

PRASINOPHYCEAE
Pyr»mimon«» groesii
Pyramimonas micron
Pyramimonas sp. 1
Tttraselmis gractlis

13
1063

21315
25124

32
1063

114937
48065 250 8377

HOLOTRICH CIUATE 
Meaodinium rubrum

TOTAL:

53069 14 192261

12816 3002733 17296 4509423

20596

4798 971659 2696 11279945

389



STATION 27 27 
DATE 03/18/93 03/18/93

DENSITY/VOLUME Density Volume

BACILLARIOPHYCEAE
Astarionalla glatialis

BkJduiphia aurita

BkfcfeilphiarnobiUansis 0.2 13129

BkJdutphia putehaUa

Chaatocaros dabila

Chaatocaroa didymus

Chaatoearoa gractlis

Chaatoearoa aocialis 1 88 1 5281

Chaatoearos wighami

Coscinodiscus concinnus

Coscinodiscus excentricus 7 557659

Coscinodiscus lineatus

Coscinodiscus marginatus

C. oculus-iridis

Coscinodiscus radiatus

Cyclotalla caspia
Cyclotella managhiniana

Cydotallasp.

Cyclotalla stelligera

Cyclotalla striata

Cylindrothaca dosterium 0.2 23

Drtylum brightwelii 27 8978048

Eucampia zodiacus

Gryrosigma acuminatum 0.2 7600

Gyrosigma fasciola

Leptocylindrus minimus

Lithodesmium undulatum

Melosira lirata

Melosira nummuloides

Navicula peregrina

Nitzschia kuetzingiana

Nitzschia longissima

Nitzschia pacifica 1 .0 560

Nitzschia palaa

Nitzschia palaacea

Nitzschia raversa

Nitzschia sariala

Nitzschia vitrea

Paralia sulcata 8 5716

Plaurosigma aestuarii 3 60476

Pteurosigma angulatum

Plaurosigma atongatum

Pleurosigma normanii

Rhizosotenia dalicatula 0.4 2772

Rhizosolerua fragilissima

Rhizosotenia setigera 0.2 580

Rhizosolania stoherfothii

Skeletonema costatum 1 25 1 7349

Streptotheca tamesis

Thalassionema nitzschioides

Thalassiosirarotula 1313 12627431

Thalassiosira sp.

27 
03/25/93

Density

2
63

688

13
375

63

0.4
59
2

8
4

2

2

125

27
03/25/93

Volume

252
3972

264578

1115318
2099573

22292

45
26840004

40313

5716
78263

140000

567

1218750

27
03/30/93

Density

2

8

105
10

125

250
0.8
36

0.4

2

2

24

8

188

0.4
816

27
03/30/93

Volume

252

652

1995178
878736

6284

117808
179

11882711

484534

346

701

17148

111149

1399

51
7956000

27 27
04/15/93 04/15/93

Density Volume

125 3859
0.4 33

0.8 15230
73 6151148
70 584521

1.2 396090

4 38484

390



STATION 
DATE

DENSITY/VOLUME

27 27 27 27 27 27 27 27
03/18/93 03/18/93 03/25/93 03/25/93 03/30/93 03/30/93 04/15/93 04/15/93

Density Volume Density Volume Density Volume Density Volume

Thalassiothrix frauenfeldii

CHLOROPHYCEAE 
Chlamydomonas sp. 1 
Chkxaila marina 
CMorellacaJina 
CMorellasp.
Mofxxaphidium contortum 
Monoraphkfium oonvotutum 
Monoraphidium sp. 
Nannochkxis atomus 
Ptanctonema sp.

CHRYSOPHYCEAE 
Distepnanus speculum

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Dactylococcopsis fascicuiaris

DINOPHYCEAE 
Ceratium minutum 
Dinophysis lortii 
Dinophysis sp. 
Gonyaulax catenella 
Gonyaulax sp. 
Gonyaulax tamarensis 
Gonyaulax triacantha 
Qymnodinium sp. 
Gymnodinium splendens 
Qyrodinium spiral* 

Heterocapsa triquetra 
Kalodinium rotundatum 
Noctiluca sp. 
Oxytoxum milneri 
Peridinium sp. 
Prorocentrum aporum 
Prorocentrum gracile 
Prorocentrum micans 
Prorocentrum minimum 
Protoperidinium brevipes 
Protoperidinium deficiens 
Protoperidinium depressum 
Protoperidinium sp.

EUGLENOPHYCEAE 
Euglena sp. 
Eutreptia lanowii

563 18849

63 3925

10688 44888

563 30600
125

1000
5250

54360 63 3400

688 2888 7625 32025 11938 50138

1938 58319
188 70706

1875 195000

3313 99706
313 117844

3438 357500

1250 37625
625 235688
1125 117000

1375 41388
125 47138

2313 240500

63 1399

1.4 
0.4

172844
709

3 1778

6 9927

13 11581

4065

0.4 73668

250 21225

0.8 7233

43

14890
679

18092

7570
0.6 7874

500 59863030

0.8 475 0.8 475 949
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STATION 
DATE

DENSITY/VOLUME

27 27 27 27 27 27 27 27
03/18/93 03/18/93 03/25/93 03/25/93 03/30/93 03/30/93 04/15/93 04/15/93

Density Volume Density Volume Density Volume Density Volume

PRASINOPHYCEAE
Pyramimonas grossB
Pyramimonas micron
Pyramimonas sp. 1
Tetrasaimis gracilts

63
313

7068
8906 1938 159728 375

500

10688

82250

3
500

446
14250

HOLOTRICH CIUATE 
Mesodinium mbrum

TOTAL:

17690 0.8 8845 6 70759 0.8 8845

17364 22893403 12178 9.25E+07 14522 24129101 16660 7715381
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STATION 
DATE

DENSITY/VOLUME

27 27 27 27 27 27 27 27
4/30/93 4/30/93 6/15/93 6/15/93 08/10/93 08/10/93 10/05/93 10/05/93

Density Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE 
AsterioneJla gladalis 

Biddulphia aurtta 

Biddulphia mobiliensis 

Biddulphia pulchalla 

Chaetoceros debile 

Chaetocero* dktymus 

Chaetoceros gracilis 

Chaetoceros social is 

Chaetocero* wighami 

Coecinodiscus ooncinnus 
Coecinodiscus «xcentricus 

Coscinodiscus lineatus 

Coscinodiscus marginatus 

C. oculus-iridis 

Coscinodiscus radiatus 

Cydotella caspia 
Cyclotella meneghiniana 

Cydotella sp. 

Cyclotella stelligera 
Cyclotella striata 

Cylindrotheca dosterium 
Dftylum brightvwelii 

Eucampia zodiacus 

Gryrosigma acuminatum 

Gyrosigma fasciota 

Leptocylindrus minimus 

Lithodesmium undulatum 

Metosira lirata 

Metosira nummuloides 

Navicula peregrine 

Nttzschia kuetzingiana 

Nitzschia longissJma 

Nttzschia pacifica 

Nitzschia paJea 

Nitzschia paleacea 

Nitzschia reverse 
Nitzschia seriata 

Nitzschia vitrea 

Paralia sulcata 
Pleurosigma aestuarii 

Pteurosigma angulatum 

Pleurosigma ekxtgatum 

Pteurosigma normanii 

Rhizosolenia delicatula 

Rhizosoienia fragilissima 

Rhizosolenia setioera 

Rhizosolenia ctofteffothii 
Skefetonema costatum 

Streptotheca tarnesis 

Thalassionema nrtzschioktes 

Thalassiosira rotula 

Thalassiosira sp.

31 393

2 449600
1.2 224800

125 10188

0.4 74933
0.6 106152
1.0 25384

31 6023 250 35342

0.2 115

0.2 2586

2 14257

0.2 5905

125 2025

0.2 1013

0.2 143

2 1715 11 8002

0.2 1386 0.2 548

125

1.4 13469

9425

19242

125 9873
0.6 60187
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STATION 
DATE

DENSITY/VOLUME

27 27 27 27 27 27 27 27
4/30/93 4/30/93 6/15/93 6/15/93 08/10/93 08/10/93 10/05/93 10/05/93

Density Volume Density Volume Density Volume Density Volume

125

313

8181

1313

Thalasaiothrix fraumfekJU

CHLOROPHYCEAE
Chlamydomonas sp. 1
CMorelia marina
Chlorattasalina 125 525
Chtoreltasp.
Monoraphidium contortum
Monoraphidium oonvolutum
Monoraphidium sp.
Namwchkxisatomus 1938 8096 1688 3038 750 3150
Planctonema sp.

CHRYSOPHYCEAE 
Distephanus speculum

CRYPTOPHYCEAE
Chroomonasacuta 3313 99706 3625 565500 1188 135256 625 71188 
Chroomonasamphioxeia 313 117844 63 23569 250 94275 5 1735 
Chroomonassaiina 5813 604500 3625 377000 5813 604500 2500 260000

CYANOPHYCEAE 
Oactylococcopsis fascicularis

DINOPHYCEAE
Ceratium minutum

Dinophysis fortii

Dinophysis sp.
Qonyaulaxcatenella 3 26876 1.2 10078

Gonyaulax sp.

Gonyaulax tamarensis

Gonyaulax triacantha
Gymnodinium sp.

Gy mnodinium splendens 1.0 184170

Gyrodinium spirale 2 271612

Heterocapsatriquetra 3 5672 0.6 1064

Katodinium rotundatum 125 6075 16 4381

Noctilucasp. 2 97333

Oxytoxum milneri 0.6 1401

Peridinium sp.

Prorocentrum aporum

Prorocentrum gracile

Prorocentrum micans

Prorocentrum minimum 0.8 501

Protoperidinium brevipes

Protoperidinium deficiens 3 2068

Protoperidinium depressum 0.4 172004

Protoperidinium sp.

EUGLENOPHYCEAE
Eugtena sp.

Eutreptia lanowii 0.4 237

0.2 

0.4

2625
1117

394



STATION 
DATE

DENSITY/VOLUME

27 27 27 27 27 27 27 27
4/30/93 4/30/93 6/15/93 6/15/93 08/10/93 08/10/93 10/05/93 10/05/93

Density Volume Density Volume Density Volume Density Volume

PRASINOPHYCEAE
Pyramimonas gronii
Pyramimonas micron
Pyramimonas sp. 1
Trtraselmis gractlis

0.4
1313

654
43969 63 7068

HOLOTRICH CIUATE
Mesodinium rubrum 

TOTAL:

24 193297

13013 2206045 9018 1212769 8413 978101

0.8 11309

4023 708678

395



STATION 
DATE

DENSITY/VOLUME

27 27 27 27
10/05/93 10/05/93 12/08/93 12/08/93

Density Volume Density Volume

BAC1LLARIOPHYCEAE

Biddulphia aurita 

Biddulphia mobiliwnts 

Biddulphia putehelia 
Chaetooetos debile 

Chaetoceros dktytnus 

Chaetoceros gracilis 
Chaetoceros social is 

Chaetoceros wighami 

Coscinodiscus concinnus 

Coscinodiscus excentricus 

Coscinodiscus Uneatus 

Coscinodiscus marginatus 
C. oculus-iridts 

Coscinodiscus radiatus 

Cyctotella caspia 

Cyclotella meneghiniana 

Cyclotella sp. 

Cydotella stelligera 

Cyclotella striata 

Cylindrotheca ctosterium 

Drtylum brightwelii 

Eucampia zodiacus 

Gryrosigma acuminatum 

Gyrosigma fasciola 

Leptocylindrus minimus 

Ijthodesmium undulatum 

Melosira lirata 

Metosira nummuloides 

Navicula peregrina 

Nrtzschia kuetzingiana 

Nitzschia longissima 

Nitzschia pacifica 

Nitzschia palea 

Nitzschia paleacea 

Nitzschia reversa 

Nitzschia seriata 

Nitzschia vttrea 

Paralia sulcata 
Pteurosigma aestuarii 

Pleurosigma angulatum 

Pleurosigma etongatum 

Pleurosigma normanii 

RhizosoJenia delicatula 

Rhizosotenia fragilissima 

Rhizosotenia setigera 

Rhizosotenia stolterfothii 

Skeletonema costatum 

Streptotheca tamesis 

Thalassionema nitzschioides 

Thalassiosira rotula 

Thalassiosira sp.

4720

0.8 4562
0.8 101785

63 8836

0.2 
0.8 
0.4

0.4
625

4790
80624
1885

251
70684

0.2 53372

0.8 268

1.0 3216

1858 62 22886
0.2 1760

0.2 548

151
0.2 20062
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STATION 
DATE

DENSITY/VOLUME

27 27 27 27
10/05/93 10/05/93 12/08/93 12/08/93

Density Volume Density Volume

Thalauiothrix frauenfeldii

CHLOROPHYCEAE 
Chiamydomonas ftp. 1 
CMorella marina 
Chtorella saiina 
Chtorella ftp.
Monoraphidiufn contortum 
Monoraphidium oonvolutum 
Monoraphidium sp. 
Nannochloris atomus 
Planctonema sp.

CHRYSOPHYCEAE
Distephanus speculum

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonaa amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Dactylococcopsis fascicularis

DINOPHYCEAE 
Ceratium minutum 
Oinophysis fortii 
Oinophysis sp. 
Gonyaulax catenella 
Gonyaulax sp. 
Gonyaulax tamarensis 
Gonyaulax triacantha 
Gymnodinium sp. 
Gymnodinium splendens 
Gyrodinium spirale 
Heterocapsa triquetra 
Katodinium rotundatum 
Noctiluca sp. 
Oxytoxum milneri 
Peridinium sp. 
Prorocentrum aporum 
Prorooentrum gracila 
Prorocentrum micans 
Prorocentrum minimum 
Protoperidinium brevipes 
Protoperidinium deficiens 
Protoperidinium depressum 
Protoperidinium sp.

EUGLENOPHYCEAE 
Euglena sp. 
Eutreptia lanowii

125
63

250

4188
4091

1050 125 525

125 14238
0.8 302

1125 117000

63 17550
375 141413

2938 305500

602234

0.2 15314

0.2 10
0.4 52368

0.2 404
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STATION 27 27 27 27 
DATE 10/05/93 10/05/93 12/08/93 12/08/93

DENSITY/VOLUME Density Volume Density Volume

PRASINOPHYCEAE
Pyramimonas grossii
Pyramifnonas micron 63 2094
Pyramimonas ap. 1
Tatraaalmia gracilis

HOLOTRICH CIUATE
Meaodinium rubrum 3 30957 0.8 6337

TOTAL: 1763 911428 4259 786400
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STATION 
DATE

DENSITY/VOLUME

29.5 29.5 29.5 29.5 29.5 29.5 29.5 29.5
03/18/93 03/18/93 03/30/93 03/30/93 4/22/93 4/22/93 4/30/93 4/30/93

Density Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE 
Achnanthas davaf 
Astarionalla glaciate 
Biddulphia attamans 
Biddulphia mobiliensis 
Chaatooaroa didymus 
Chaatooaroa gratilis 
Chaatooaroa socialis 
Coadnodiscus curvatulus 
Coacinodiscus axcantricus

Coacinodiscus marginatus

Coacinodiscus oculus-iridis 
Coacinodiscus radiatus 
Cydotalla caspia 
Cydotalla kutzingiana 
Cyciotella meneghiniana 
Cydotalla stelligera 
Cydotalla striata 
Cylindrothaca dosterium 
Drtylum brightwelii 
Entomoneis paludosa 
Eucampia zodiacus 
Fragilaria pinnata 
Gyroaigma baiticum 
Qyrosigma fasciola 
Laptocylindrus danicus 
(jthodasmium undulatum 
Navicula halophila 
Nitzschia acicularis 
Nitzschia dausii 
Nitzschia frustulum 
Nitzschia gracilis 
Nitzschia kuatzingiana 
Nitzschia longtssima 
Nitzschia palaacaa 
Nitzschia reversa 
Nitzschia seriata 
Nitzschia tryblionalla 
Nitzschia vitrea 
Paralia sulcata 
Pinnularia gibba 
Plaurosigma aactuarii 
Plaurosigma eloogatum 
Rhizosolenia delicatula 
Rhizosotenia fragilissima 
Rhizosotenia satigara 
Skaletonama costatum 
Staphanodiscus dubius 
Staphanodiscus hantzschii 
Synadra dalicatissima 
Thalassiosira rotula

0.8 113395

12

0.8 153065

125 12271
978 875 71313

250

4 899176 66 8712654

250 12568

0.8 179
14 4489024

0.8 30000

375 386304

92 30366928
0.8 20160

0.8 406

375 164213

125 204000
10 7431

6 113837

250 109480

34 24579

6 99607

2 
0.2
3 

0.2.

8168
756

9425

49 1157399
0.2 1223
5 504987

0.2 6137
15079

16 3602

0.8 264060

0.2 1179

0.4 5171

0.2 1179

0.2 8
0.2 643

63 10607

0.6 1930

1143
187

57068
1062

1146 5173360 2064 25944625 24 434809

399



STATION 
DATE

DENSITY/VOLUME

29.5 
03/18/93

Density

29.5 
03/18/93

Volume

29.5 
03/30/93

Density

29.5
03/30/93

Volume

29.5 
4/22/93

Density

29.5 
4/22/93

Volume

29.5 
4/30/93

Density

29.5 
4/30/93

Volume

Tropidonets sp.

CHLOROPHYCEAE 
ChloreUa marina 
ChkyeHa sabna 
MonoraphkJium contortum 
Monoraphidium convotutum 
Nannochloris atomus 
Pediastrum duplex

CHRYSOPHYCEAE 
Monassp. 
Ochromonas sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Oactylococcopsis acicularis 
Oscillatoria limnetica

DINOPHYCEAE 
Glenodinium sp. 
Gonyaulax catenella 
Gonyaulax tamarensis 
Gymnodinium sp. 
Gymnodinium splendens 
Gyrodinium spirale 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum aporum 
Prorocentrum minimum 
Protoperidinium deficiens 
Protoperidinium depressum 
Pyrocystis sp.

EUGLENOPHYCEAE 
Eutreptia lanowii

PRASINOPHYCEAE 
Pedinomonas sp. 
Pyramimonas grossii 
Pyramimonas micron 
Pyramimonas sp. 1 
Tetrasetmts gracilis

HOLOTRICH CILIATE 
Mesodinium rubrum

TOTAL:

500 32725
125 1768

5000 21000 11250 47250 1125 4725

500

875
250
750

2095

26338
94275
78000

250 7525

1500 156000

1063 121019
375 141413
1375 143000

0.8 6719

0.8 1418

4343

0.6 356

63 1288 375 7725

0.8 8845 2 26535

9390 11450341 17897 66185261

400

375 5301

13 183778

4710 3169558

2750 10500
5 697

750 80425

1250 130000

0.4

313
0.2
125

70652

0.2
0.6
31

0.6

0.2

24692
1064
1521

684

86002

2
1.4
0.4
0.2

1.4
1.0

294673
22615

709
204

878
6719

257

3221
327
5655

0.6 4680

5267 659826



STATION 29.5
DATE 6/15/93

DENSITY/VOLUME Density

29.5 30 30 32 32 32 32
6/15/93 03/25/93 03/25/93 02/24/93 02/24/93 03/18/93 03/18/93

Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE 

Achnantne* devei 

AstenoneJla gJadalis 

Bkidulphia alternant 

BddulphiamobiHerais 

Chaetoceroe didymus 

Chaetocero* gradlis 

Chaetoceros socialis 

Coecinodiscus curvatulus 

Coecinodiscus excentricus 

Coecinodiseus lineatus 

Coscinodiscut marginatus 

Coecinodiscus nttkJus 

Coecinodiscus oculus-iridis 
Coecinodiscus radiatus 

Cydotella caspia 

Cydotella kutzingiana 
Cyclotalla meneghiniana 

Cydotella stelligera 

CyckXella striala 

Cylindrotheca dosterium 

Ditylum brightwelii 

Entomoneis paludosa 

Eucampia zodiacus 
Fragilaria pinnata 

Gyrosigma batticum 

Gyrosigma fasciola 

Leptocylindrus danicus 

Lithodesmium undulatum 

Navicula halophila 

Nitzschia acicularis 

Nitzschia clausii 

Nitzschia frustulum 

Nitzschia gracilis 
Nitzschia kuetzingiana 

Nitzschia longissima 

Nitzschia paleacea 
Nitzschia reverse 

Nitzschia seriata 

Nitzschia tryWionella 

Nitzschia vitrea 

Paralia sulcata 

Pinnularia giboa 
Pleurosigma aestuarii 

Pleurosigma ekx>gatum 
Rhizosoienia deltcatula 

Rhizosolenia fragilissima 

Rhizosotonia setigera 

Skeletonema costatum 

Stephanodtscus dubius 

Stephanodiscus hantzschii 

Synedra delicatissima 

Thalassiosira rotula

0.8 144

2 196
7 280315

0.4 74933 1375 607990

63 49086 125 24053

63 10130496

125
563

1018
48837 188 6281

0.8 179
21 6865566

0.4 26250
188 13885

63 11475

63 25578

63 78492 16 7937 11 8002

0.4 7115

8 145912
94 19410

19242 625 8660481

401

0.4 503
4 1039

935 8997419



STATION 
DATE

DENSITY/VOLUME

29.5 29.5 30 30 32 32 32 32
e/15/93 6/15/93 03/25/93 03/25/93 02/24/93 02/24/93 03/18/93 03/18/93

Density Volume Density Volume Density Volume Density Volume

Tropidoneis sp.

CHLOROPHYCEAE 
ChloraRa marina 
CMoraBa salina 
Monoraphtdiurn contortum 
MonoraphidHim oonvolutum 
Nannochiorift atomut 
Pediastrum duplex

CHRYSOPHYCEAE 
Monassp. 
Ochromonas sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Dactytococcopsts acicularis 
Oscillatoria limnetica

DINOPHYCEAE 
Glenodinium sp. 
Gonyaulax catenella 
Gonyaulax tamarensis 
Gymnodinium sp. 
Qymnodinium sptendens 
Gyrodinium spirale 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorooantrum aporum 
Prorooantrum minimum 
Protoperidinium deficiens 
Protoperidinium depressum 
Pyrocystis sp.

EUGLENOPHYCEAE
Eutreptia lanowii

PRASINOPHYCEAE 
Pedinomonas sp. 
Pyramimonas grossii 
Pyramimonas micron 
Pyramimonas sp. 1 
Tetraselmis gracilis

HOLOTRICH CILIATE 
Mesodinium rubrum

TOTAL:

63 110075

250 1050

2875 327463
375 141413

3813 396500

4563 152889

5875 24675

938 54814

1375 41388

2875 131166

250 3525 5438 22838

875 26513

375 39000

31 18683

0.4 237

63
1500

888
6300

39 556990

7417 1566913 19750 19965609

402

2500 75250
313 117844
813 84500

31 717
0.8 2513

0.4 2688

6
2
2

0.4

500

790144
4254

204

189

9131

7 79604

2401 419870 10785 17382884



STATION 
DATE

DENSITY/VOLUME

32 32 32 32 32 32 32 32
03/25/93 03/25/93 03/30/93 03/30/93 04/15/93 04/15/93 4/22/93 4/22/93

Density Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE
Achnanthes devei 

AstorioneUaglacialis 

Biddulphia ottomans

Chaetoceros didymus 

Chaetoceros gratiiis 

Chaetoceros socialis 

Coecinodtscm curvatulus 

Coscinodtscus excentncus 

Cosctnodiscus lineatus 

Coscinodtscus marginatus 

Cosoinodiscus nitidus 

Coscinodiscus ocutus-iridis 

Cosoinodiscus radiatus 

Cyclotella caspia 

Cyclotella kutzingiana 

Cydotella meneghiniana 

Cyclotella stelligera 

Cyclotella striata 

Cylindrotheca ciosterium 

Ditylum brightwelii 

Entomoneis paludosa 

Eucampia zodiacus 

Fragilaria pinnata 

Gyrosigma balticum 

Gyrosigma fascioia 

Leptocylindrus danicus 

Ljthodesmium undulatum 

Navicula halophila 

Nitzschia acicularis 

Nitzschia clausii 

Nitzschia frustulum 

Nitzschia gracilis 

Nitzschia kuetzingiana 

Nitzschia longissima 

Nitzschia paleacea 

Nitzschia reversa 

Nitzschia seriata 

Nitzschia tryblionella 

Nitzschia vitrea 

Paralia sulcata 

Pinnularia gibba 

Pleurosigma aestuarii 

Pleurosigma elongatum 

Rhizosolenia delicatula 

Rhizosotenia fragiltssima 

Rhizosolenia setigera 

Sketotonema costatum 

Stephanodiscus dubius 

Stephanodiscus hantzschii 

Synedra delicatissima 

Thalassiosira rotula

0.4 42

6 456
26 290970

5 8482

1000 41222760

375 343669
0.8 79
68 22445120

125 22376

375 33221
63 110444

35 11552636

0.2 8925

125 26988

63 6345

9 6288

9 106519

438 113794

3 1858

1750 4678438

2 567

1875 23797463

62 1705948

7 86258

125 6284

17 3184670

2 356962

1875 214702

63 10603
0.8 179
1.4 462705

2 92400

1.4 79367

1.0 7428

125 19035

4 2715

125 29525

4 70393 10 96209

403



STATION 
DATE

DENSITY/VOLUME

32 32 32 32 32 32 32 32
03/25/93 03/25/93 03/30/93 03/30/93 04/15/93 04/15/93 4/22/93 4/22/93

Density Volume Density Volume Density Volume Density Volume

Troptdoneis sp.

CHLOROPHYCEAE
Chkxeda marina
ChkxeJIa salina
Monoraphidium contortum
Monoraphidium oonvolutum
Nannochloris atomus
Pediastrum duplex

188
2500

63
125

4375 18375 20000

12272
163625 3875 210645

2750
27918
84000 20875 87675 3250 5850

CHRYSOPHYCEAE 
Monassp. 
Ochromonas sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Oactylococcopsis acicularis 
Oscillator!* limnetica

DINOPHYCEAE
Gtenodinium sp. 
Gonyaulax catenella 
Qonyaulax tamarensis 
Gymnodinium sp. 
Gymnodinium spiendens 
Gyrodinium spirals 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum aporum 
Prorocentrum minimum 
Protoperidinium deficiens 
Protoperidinium depressum 
Pyrocystis sp.

EUGLENOPHYCEAE 
Eutreptia lanowii

PRASINOPHYCEAE 
Pedinomonas sp. 
Pyramimonas grossii 
Pyramimonas micron 
Pyramimonas sp. 1 
Tetrasetmis gracilis

HOLOTRICH CILIATE
Mesodinium rubrum

TOTAL:

2125 63963
500 188550
750 78000

1750
63

3125

52675
16611

325000

938 28219

2875 299000

125 14238
125 47138

1375 143000

21 3558

63 56547

125 11113
0.6 5424
9 7781

0.8 29563

0.8 475

625 20438 875 288 1938 63356

1.0 11057

10812 28308147 32665 77610339 31155 3289681

404

6800 4073753



STATION 
DATE

DENSITY/VOLUME

32 32 32 32 32 32 32 32
4/30/93 4/30/93 6/15/93 6/15/93 8/10/93 8/10/93 10/05/93 10/05/93

Density Volume Density Volume Density Volume Density Volume

BAQLLARIOPHYCEAE 

Achnanthes devei 

Asteriondla glacial* 

Biddulphia alternant 

Biddulphia mobiliensis 
Chaetoceros didymus 

Chaetooeros gracilis 

Chaetoceros sotialis 

Coscinodiscus curvatulus 

Coscinodiscus axoentricus 

Coscinodiscus lineatus 

Coscinodiscus marginatus 

Coscinodiscus nitid us 

Coscinodiscus oculus-iridis 
Coscinodiscus radiatus 

Cyctotolta caspia 

Cydotelta kutzingiana 

Cyclotelta meneghiniana 

Cydotelta stelligera 

Cydotella striata 

Cylindrotheca closterium 

Ditylum brightwelii 

Entomonets paludosa 

Eucampia zodiacus 

Fragilaria pinnata 
Gyrosigma balticum 

Gyrosigma fascioia 

Leptocylindrus danicus 

Uthodesmium undulatum 

Navicula halophila 

Nitzschia acicularrs 

Nitzschia dausii 

Nitzschia frustulum 

Nitzschia gracilis 
Nitzschia kuetzingiana 

Nitzschia longissima 

Nitzschia paleacea 

Nitzschia reversa 

Nitzschia seriata 

Nitzschia tryWionella 

Nitzschia vitrea 

ParaJia sulcata 

Pinnularia gibba 
Pleurosigma aestuarii 

Pteurosigma elongatum 
Rhizosolenia delicatula 

Rhizosolenia fragilissima 

Rhizosolenia setigera 

Skeletonema costatum 

Stephanodiscus dubius 

Stephanodiscus hantzschii 

Synedra delicatissima 

Thalassiosira rotula

0.2 

1.4

6803

6663

125 13012

1.0 57008
0.2 38313
1.0 34015

1.4 7996

63 7068 188 50509

8 198924

0.8 101785

21 11655

0.6 7757

125 12859

0.2 1077

13 1040

1858

1.2 5355
0.8 5544

188 7519

2 591

0.4 1096

6 43719

405



STATION 
DATE

DENSITY/VOLUME

32 32
4/30/93 4/30/93

Density Volume

32 32 32 32 32 32
6/15/93 6/15/93 8/10/93 8/10/93 10/05/93 10/05/93

Density Volume Density Volume Density Volume

TropWoneis sp.

CHLOROPHYCEAE 
CMorafla marina 
CMorada saiina 
Monoraphidium contortum 
Monoraphidium convohitum 
Nannochkxis atomus 
Pediastrum duplex

CHRYSOPHYCEAE 
Monassp. 
Ochromonas sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas saiina

CYANOPHYCEAE 
Dactylococcopsis acicularis 
Oscttlatoria limnetica

DINOPHYCEAE 
Qlenodinium sp. 
Qonyaulax catenella 
Qonyaulax tamarensis 
Qymnodinium sp. 
Gymnodinium splendens 
Qyrodinium spirale 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum aporum 
Prorocentrum minimum 
Protoperidinium deficiens 
Protoperidinium depressum 
Pyrocystis sp.

EUGLENOPHYCEAE 
Eutreptia lanowii

PRASINOPHYCEAE 
Pedinomonas sp. 
Pyramimonas grossii 
Pyramimonas micron 
Pyramimonas sp. 1 
Tetraselmis gracilis

HOLOTRICH CILIATE 
Mesodinium rubrum

TOTAL:

1438 6038 938 13025 313 1313 750 3150

875 26338
375 141413

1125 117000

3438 391531
688 156800

11063 1150500

688 78306
438 164981

3938 409500

188 21356
188 70706

4063 422500

1.2 2443

3942 326880

0.6 8482

16322 1862745

406

5753 782676 5233 835246



STATION 32 (2m) 
DATE 10/05/93

DENSITY/VOLUME Density

BAdLLARIOPHYCEAE
Achnanthee devei

Aiteriooote olftriajtt

Biddulphia altemans

Biddulphia mobiliensis

Chaetoceroe didymus

Chaetoceroe gracilis

Chaetoceroe socialis
Coscinodiscus curvatulus

Coscinodiscus excentricus

Coscinodiscus Uneatus 2

GosdnodisGus fnaroinshni

Coscinodiscus nitidus

Cosdnodtscus oculus-iridis 0.4

Coscinodiscus radiatus

CydotaUa caspia

Cydotolla kutzingiana
Cydotelia meneghiniana 9

Cycloteila stelligera

Cydotelia striata

Cylindrotheca dosterium

Ditylum brightwelii

Entomoneis paludosa

Eucampia zodiacus

Fragilaria pinnata

Qyrosigma balticum

Qyrosigma fasciola

Leptocylindrus danicus

Uthodesmium undulatum

Navicula halophila

Nrtzschia acicularis

Nrtzschia clausii

Nitzschia frustulum

Nrtzschia gracilis

Nitzschia kuetzingiana 1 6

Nitzschia longissima

Nitzschia paJeacea

Nitzschia reversa

Nitzschia seriata

Nitzschia tryWioneUa

Nitzschia vftrea

Paralia sulcata

Pinnularia gibba

Pleurosigma aestuarii

Pleurosigma ekxtgatum

Rhizosotenia delicatula 0.6

Rhizosolenia fragilissima

Rhizosotenia setigera

Skeletonema costatum 1 25

Stephanodiscus dubius

Stephanodiscus hantzschii

Synedra delicatissima

Thalassiosira rotula

32 (2m) 32 32 36 36 36 
10/05/93 12/08/93 12/08/93 03/18/93 03/18/93 03/30/93

Volume Density Volume Density Volume Density

4 2117

2
31

22902 0.6 53585 63 1478006 63

31
20106

68081 2 2064 875

6
63 3547533 18

4 98162
2

8 351
2
2

0.4
63 23375

1297 16 312 16 499

750
0.2 700 8 5728

8 17073

2 1143 63 44654 30

0.4

1644 0.2 548

0.4
9425 375

16 588

0.4
1938 25678075 2750

36 
03/30/93

Volume

924
3577026

196344

44140

43986

1429
6073386

50392

109800
51200

500

126360

38179

4842

620
88575

5546
50941825

407



STATION 
DATE

DENSITY/VOLUME

32 (2m) 32 (2m) 32 32 36 36 36 36
10/05/93 10/05/93 12/08/93 12/08/93 03/18/93 03/18/93 03/30/93 03/30/93

Density Volume Density Volume Density Volume Density Volume

Tropidoneis sp.

CHLOROPHYCEAE 
CMoraRa marina 
ChioreUasalina 
Monoraphidium contortum 
Monoraphidium oonvolutum 
Narmochioris atomus 
Pediastrum duplex

CHRYSOPHYCEAE
Monassp. 
Ochromonas sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Oactylococcopsis acicularis 
Oscillatoria limnetica

DINOPHYCEAE 
Gtonodinium sp. 
Gonyaulax catenella 
Gonyaulax tamarensis 
Gymnodinium sp. 
Gymnodinium splendens 
Gyrodinium spirals 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum aporum 
Prorocentrum minimum 
Protoperidinium deficterw 
Protoperidinium depressum 
Pyrocystis sp.

EUGLENOPHYCEAE 
Eutreptia lanowii

PRASINOPHYCEAE 
Pedinomonas sp. 
Pyramimonas grossii 
Pyramimonas micron 
Pyramimonas sp. 1 
Tetraselmis gracilis

HOLOTRICH CIUATE
Mesodinium rubrum

TOTAL:

500 27200

250 1050

31
63

12188

1377
567

51188

2125 115515

750 47123
39000 163800

563 212119
4188 435500

750
188
1438

85425
70706
149500

1000
31

1438

30100
11803
149500

1625 48913
750 282825

3250 338000

0.6 1221

0.2 119

125 3563
313
63

125

43588
2043

2806

250 3350

2 19012

5156 792476

0.2 2827 63 691008

2520 370374 18063 31907339 52690 62354597

408



STATION 36 36 36 36 36 36 36 36 
DATE 4/22/93 4/22/93 4/30/93 4/30/93 6/15/93 6/15/93 10/05/63 10/05/93

DENSITY/VOLUME Density Volume Density Volume Density Volume Density Volume

BACILLARIOPHYCEAE
Achnanthes devei
Asterionellaglaciaiis
Biddulphia artamans
Biddulphia mobiltensi*
Chaetoceros didymus
Chaetoceros gracilis
Chaetoceros socialm
Coscinodiscus curvatulus
Coscinodiscus excentricus
Coscinodiscus lineatus 11 1967002 0.4 18737 0.2 8638
Coscinodiscus marginatus
Coscinodiscus nitidus
Coscinodiscus oculus-iridis 2 146570
Coscinodiscus radiatus 5 94999
Cyctotellacaspia 107 189433

Cyciotella kutzingiana
Cydotella meneghiniana
CycJotella stelligera
CyctoteHa striata
Cylindrotheca closterium
Ditylum brightwelii
Entomoneis paludosa
Eucampia zodiacus
Fragilaria pinnata
Qyrosigma balticum
Qyrosigma fasctola
Leptocylindrus dantcus
Uthodesmium undulatum
Navicula halophila
Nitzschia acicularis
Nitzschia ctausii
Nitzschia frustulum
Nitzschia gracilis
Nitzschia kuetzingiana 125 13800
Nitzschia longissima 0.8 480
Nitzschia paJeacea
Nitzschia reversa
Nitzschia seriata
Nitzschia tryblionella 0.5 20625
Nitzschia vitrea
Paralia suteata 8 5309
Pinnularia gibba
Pleurosigma aastuarii
Pl«urosigma elongatum
Rhizosdenia delicatula
Rhizosoienia fragilissima 1-2 5941
Rhizosolenia setig«ra
Skdlatoncma costatum
Stephanodiscus dubius
Stephanodiscus hantzschii 125 17671 1438 815880

Synedra delicatissima

Thalassiosira rotula 8 99156

16750 1644379

125 18750
1.0 330075
0.5 22194

18571

0.4

188

163

6750

188 6000

8771

409



STATION 36 36 36 36 36 36 36 36 
DATE 4/22/93 4/22/93 4/30/93 4/30/93 6/15/93 6/15/93 10/05/63 10/05/93

DENSITY/VOLUME___Density Volume Density Volume Density Volume Density Volume 

Tropidonets *p.

CHLOROPHYCEAE 
Chloreda marina 
CMoreOa salina 
Monoraphidium oontortum 
Monoraphidium oonvolutum 
Nannochloris atomus 
Pediastrum duplex

CHRYSOPHYCEAE 
Monas»p. 
Ochromonas sp.

CRYPTOPHYCEAE 
Chroomonas acuta 
Chroomonas amphioxeia 
Chroomonas salina

CYANOPHYCEAE 
Oactylococcopsis acicutaris 
Oscitlatoria limnetica

DINOPHYCEAE
Glenodinium sp. 
Gonyaulax catenelta 
Gonyaulax tamarensis 
Gymnodinium sp. 
Gymnodinium splendens 
Gyrodinium spirale 
Heterocapsa triquetra 
Katodinium rotundatum 
Oxytoxum milneri 
Prorocentrum aporum 
Prorocentrum minimum 
Protoperidinium defictens 
Protoperidinium depressum 
Pyrocystis sp.

EUGLENOPHYCEAE
Eutreptia lanowii

PRASINOPHYCEAE 
Pedinomonas sp. 
Pyramimonas grossii 
Pyramimonas micron 
Pyramimonas sp. 1 
Tetraselmis gracilis

HOLOTRICH CILIATE 
Mesodinium rubrum

TOTAL:

7125 21757

625 2625

2500 10500

938 50963
750 10603

875 3675

625 71188
125 47138

2250 234000 2625 273000 1438 149500
125 47138

5500 572000

17 142777

125 12725

2 940

125 6073

63 47631

625 8836

10 134300

27808 4799719

0.4 9071

6189 399588

410

5627 1052111

2 12675

5931 1077585



STATION 
DATE

DENSITY/VOLUME

657 657 657 657 657 657 657 657
02/24/93 02/24/93 03/31/93 03/31/93 04/15/93 04/15/93 06/15/93 06/15/93

Density Volume Density Volume Density Volume Density Volume

Pteurosigma aJongatum 

Rhizosotoniadalicatula 

Rhoteosphania curvata 

Staphanodtscus dubius 

Staphanodiscus hantzschii 

Staphanodiscus ftp. 

Synadra dalicatia»ima 

Synadra radians 

Synadra rumpana 

Synadra tp. 1

CHLOROPHYCEAE 

Chlarnydomonas sp. 1 

Chlamydomonas sp. 2 

Chloralla marina 

Chtorella salina 

Chlorella sp. 
Choricystis sp. 

Coelastrum sphaericum 

Eudorina etegans 

Francaia sp. 

Kirchnarialla obesa 

Micractinium pusillum 

Monoraphidium contortum 

Monoraphidium convolutum 

Monoraphidium griffithii 

Nannochloris atomus 

Pediastrum boryanum 
Planctonama sp. 

Scanedesmus acuminatus 

Scanadesmus acornis 

Scanadesmus intermedius 

Scanadesmus opoliensis 

Schroadaria setigera 

Spermatozopsis ftp.

CHRYSOPHYCEAE 
Chromulina sp. 
Dinobryon divergens

CRYPTOPHYCEAE 

Chroomonas acuta 

Chrcomonas amphioxeia 

Chroomonas plaurococca 

Chroomonas salina 

Chroomonas sp. 

Cryptomonas marsonii 

Cryptomonas ovata 

Cryptomonas rostrata 
Cryptomonas rostratiformis 

Cryptomonas sp.

2110

94 1325

31 3393

157 95224

250
188

0.8

125

125

11088

92283
36079

6048

7091

10300

4188

204 14158

82 32044

2 11964

625
125

38500
13000

125 1713

625 2625

125 92283

250
0.8

8250

250

0.8
125

15700
50

34650

10250

157
2289

188 19500

6 4532
0.8 1047

250 7525

10780
6111

188 58903

0.8 
0.8

63

4776
643

263

625 20938

63 2094

125 525

1663

313 35594
250 99500

0.4 1598

411


